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National Instruments will apply regardless of the form of action, whether in contract or tort, including negligence.

Any action against National Instruments must be brought within one year after the cause of action accrues. National
Instruments shall not be liable for any delay in performance due to causes beyond its reasonable control. The warranty
provided herein does not cover damages, defects, malfunctions, or service failures caused by owner’s failure to follow
the National Instruments installation, operation, or maintenance instructions; owner’s modification of the product;
owner’s abuse, misuse, or negligent acts; and power failure or surges, fire, flood, accident, actions of third parties, or
other events outside reasonable control.

Under the copyright laws, this publication may not be reproduced or transmitted in any form, electronic or mechanical,
including photocopying, recording, storing in an information retrieval system, or translating, in whole or in part, without
the prior written consent of National Instruments Corporation.

LabVIEW™ , BridgeVIEW™, National Instruments, NI-DAQ™, natinst.conf, and CVI" are trademarks of National
Instruments Corporation.

Product and company names listed are trademarks or trade names of their respective companies.

WARNING REGARDING MEDICAL AND CLINICAL USE OF NATIONAL INSTRUMENTS PRODUCTS

National Instruments products are not designed with components and testing intended to ensure a level of reliability
suitable for use in treatment and diagnosis of humans. Applications of National Instruments products involving medical
or clinical treatment can create a potential for accidental injury caused by product failure, or by errors on the part of the
user or application designer. Any use or application of National Instruments products for or involving medical or clinical
treatment must be performed by properly trained and qualified medical personnel, and all traditional medical safeguards,
equipment, and procedures that are appropriate in the particular situation to prevent serious injury or death should always
continue to be used when National Instruments products are being used. National Instruments products are NOT intended
to be a substitute for any form of established process, procedure, or equipment used to monitor or safeguard human health
and safety in medical or clinical treatment.



Contents

About This Manual
Organization of ThisS Manual...........cccuuuiiiiiirii e XXili
27 [l R @0 s [od =T o £ RSO PRIRRRR XXiii
Front Panel OBJECES ......uuuiiiiiei e re e e e e e XXV
Block Diagram Programming............ccoeccuriiieeirereeessessiineseeeeeeseessssssnssnseseseess XXV
PaN0 1Yz g Tot=Yo I C I o] o o= RS XXV
Appendices, Glossary, and INAEX .........uiviveeiiiiiiiiiiieie e e e e XXVi
Conventions Used in ThiS MaNUAL...........ccuuuiiiiiiiiiieeit e XXVi
Related DOCUMENTALION........iiuiiiiie ittt e st e e s s ee s snbe e e e snneeeas XXVili
Customer COMMUNICALION ......uiiiiiiiiiee ittt e e st e e e st e e e s saneeeee s XXVili
Part I—Basic G Concepts
Chapter 1
Introduction to G Programming
WAL IS G2 oottt ettt e e et e s e e e e et be e e e e s tbe e e e e ensbeeaeennssemn 1.
CoMPONENES OF & V...t e e et e e e e e e e e e e e eeeas 1-1
FrONt PANEL.. ...t e e e e e e e e e aanaas 1-3
2] oTod 1ql BIT= To | =y o FOR PP ERUPT R 1-4
[[olo] g Ir=Tq o I @ToT ] aT=Tox (o] SUN RSP 1-6
LTS 1] g o [ 1= | o PP PRPPR 1-7......
Front Panel Help ... 1-7
Block Diagram HelP........oooiiiiiiiieiiieee e 1-8
ALMDULE HEIP o 1-9
ONliNE RETEIENCE ... .. e e e e e 1-10
Chapter 2
Editing Vis
G ENVIFONMENT . .....eiiiiiie ittt e e e 2
TOOIS PAIELE ..ot 2-4
L 1S T o 1Y/ =T 0T £ USSR 2-6
0] o LU T TN 1V T 1 2-6
T 11 €] o Y4 =SSO 2:1....
SeleCtiNg ODJECES ..o e it ———————— 2-7
Dragging and Dropping VIs, Pictures, and TeXt........cccccceveeeeeeiesiiciniieneeeeeeeeennn 2-8
POSItIoNING OBJECES.. ... 2-9
L= 0] (0 [T PRSP 2-10
AlIGNING ODJECTS....uuiiiiiiiee e e e e s e e e e e e s s e e s anrnnrees 2-11

© National Instruments Corporation v G Programming Reference Manual



Contents

DiStribDULING ODJECES ...veeiiiiiie e 2-12
DUPliCatiNg ODJECLS......eiiiiiieii et e e e e e e e 2-12
Deleting ODJECES....ii i 2-13
=0 1<) [T o [ @] o] [=Tox £ TP PPPRTRTR 2-13
Front Panel Caption Labels ... 2-13
Free LabelS ... 2-15
TeXt CharaCteriStiCS .......vuii it 2-17
RESIZING ODJECES ..ot 2-23
LADEIS. .. 2-24
AddiNg WOTK SPACE.......ccuiiiiiiiiiiiiieeieee ettt 2-24
COlOrNG ODBJECES ...eeeeieiieiiieee ettt seb e 2-24
101 o [0 B PP TP PPPPPPP 2-26
Creating ODbject DESCIPLIONS ......ciiiiiiiiieeiiiiiee e 2-27
Creating VI DESCHPLONS .....ccoiiiiiiieiiiiee ettt 2-28
SAVING VIS ittt e e 2:29...
INAIVIAUAT VI FIIES e 2-29
VI LIDIaries ((LLBS) ..ccciuiiiiieiiiiiiee ettt 2-31
Creating VI LIDIaries ... 2-32
Saving in Existing VI LiDraries ... 2-32
Editing the Contents of Libraries.........cccocveeiiiiie e 2-32
Chapter 3
Using SubVis
HIErarChiCal DESIGN ....ccoi ettt e e e e e e s b e e e e e e e e e e e e annnns 3-1
Creating SUDVIS frOM VIS ... .ot e e e e e 3-1
Creating the TCOMN ... ...t a e e e e 3-2
Defining Connector Terminal Patterns ... 3-4
Selecting and Modifying Terminal Patterns ............ccocoeiieireeiiiiiiiieeeeeeeen 3-6
Assigning Terminals to Controls and Indicators............ooooiiiiiiiiiieiiinie 3-7
Required, Recommended, and Optional Connections for SubVis.................... 3-9
Deleting Terminal CONNECLIONS .........coiiiiiiiiiiiiii e 3-10
Confirming Terminal CONNECLIONS ...........oeeiiiiiiiiiiie e 3-10
Creating SUDVIS from VI SEIECLONS........ccoiiiiiiiiiiiii e 3-11
Rules and ReCOMMENALIONS .........ccoiiiiiiiieiiiiei et 3-12
NUMber Of CONNECHIONS .....ccciiiiiieiiiiiiee e 3-12
CYCIES e 3-12
Attribute Nodes within LOOPS ........ccooviiiieiiiiiiiiciiece e 3-13
lllogical SEleCtionS ........ccoiiiiiiiiiieiee e 3-13
Locals and Front Panel Terminals within Loops ................. 3-13
Case Structures Containing Attribute Nodes, Locals,
or Front Panel TerminalS..........ccoocvvveiiiiiiee e, 3-13

G Programming Reference Manual vi © National Instruments Corporation



Contents

Using the Hierarchy WINGOW ............uoiiiiiioiiiiiiieei et e e e 3-15
Opening the Hierarchy WINAOW.............oooiiiiiiiiiiii e 3-15
Hierarchy WindowW OPLIONS. .......coiiiii it 3-17

ViIEeW MENU OPLIONS ...t e e e e 3-18
Hierarchy Toolbar BUtONS..........cooiiiiiiiiiiiiiei e 3-19
Hierarchy Node Pop-Up MENU ... 3-20
Hierarchy Node Mouse-Click SEqUENCES ..........ccovcvieeeiiiiiiieei e, 3-21
Finding VIs in the Hierarchy WiNAOW ...........cccooiiiiiieiiii e 3-22
Finding VIS, ODJECES, N0 TEXLE......uuiiiiiiiiiiieeeiiiee ettt 3-23
FiNd DI@log BOX .....evieiiiiiieeeiiiiee ettt e et e e eee e 3-23
Finding VIs and Other ODJECLS ..........uveeiiiiiiieieiee e 3-24
FINAING TEXE. ...ttt e e 3-25
Search String OPLIONS .......ccvviiiiiiieeiiiiie e 3-25
Text Search OPLioNS ........evvveiiiiiie e 3-26
Narrowing the Search SCOPe........ccvviiiiiiiiiiii e 3-27
Search ReSUIS WINAOW ..........oeviiiiiiiiieiiiiiiieeee e 3-27
Finding Next and Previous Search ltems .............c.....cco.... 3-28

Find Pop-Up Menu for Global and Local Variables and Attribute Nodes........ 3-28

Chapter 4
Executing and Debugging Vis and SubVls
EXECULING VIS ..ttt a et eeeaa e e e e e e aaeed 4-1.......

RUNNING VISt e e e e e e e e e e e aes 4-1

Y (o o] o] 1 o TV =TSO UUUPPRR 4-4

RUNNing VIS Repeatedly...... ..ot 4-4

Data Logging on the Front Panel.............oooiiiiiiiiiiiii e 4-4

Retrieving Data Programmatically ............cccuuuiiiiiiiieiiieeeeee e 4-6
ACCESSING DAtADASES ... 4-6
Retrieving Data Using File I/O FUNCLiONS ..........cccccovviiiieciniiieee e, 4-8

DeBUGIING VIS ...ttt P 4

FiXiNg BrOKEN VIS ...coiiiiiiiii ettt ettt e e 4-9
Interpreting Error MESSAJgES........uvii ittt 4-10

Debugging EXeCUutable VIS ... 4-13
Understanding WarningS. .......c.ueeeeieiiireeiiiiiee e 4-14
Recognizing Undefined Data...........coooiveiiieiiiiiieeiiiieee e 4-15

Correcting VI RANQGE EITOIS. .....cccuuuiiieiiiiiieiieiiee et 4-16

DebUGPING FEAIUMNES ...ttt 4-17
Single-Stepping through VIS.........coooiiiiiie e 4-17

An Example of Single-Stepping through a Vl...................... 4-18

USING SEP BULIONS......eiiiiiiiiiii e 4-19
Reading Call Chains.........c.ceiiiiiiiiieiee e 4-20
Execution Highlighting .........ccccuveiiiiii e 4-20

© National Instruments Corporation vii G Programming Reference Manual



Contents

Using the Probe Tool

.......................................................................... 4-22
Creating Probes ... 4-24

Placing Breakpoint TOOIS ........ccioiiiiiiiiiiiiiie e 4-25

SusSpPeNnding EXECULION ........cueiiiiiiiiiee e 4-28
Recognizing Automatic SUSPENSION...........ueeeieeeeeriiiiiiiineen. 4-28

Using Toolbar Buttons When SubVIs Are Suspended ........ 4-29
Viewing Hierarchy Windows During Suspension

............... 4-29
Disabling Debugging Features .........ccoccvvviiiiiiiiieniiiiee e 4-29
Commenting out Sections of DIagrams ...........oocueeiieriiiiiee e 4-29
Chapter 5
Printing and Documenting Vis
o 1101 (1o Lo PP PPPPRPPR 5:1..
Printing Configuration .........c.eueiiiiie e 5-1
POSESCriPt Printing ...ccoooiiiiieee e 5-2
Printing the ACtiVe WINAOW ... 5-2
DOCUMENTING VIS, e et e e e e e e e e e e eeeeeeaaaaeeeeaannnns 5-3
Printing DOCUMENTALION .........uuiiiiiiiiiieii e 5-3
Setting Printout FOIMALS ..........uvviiiiiiiieeiiiee e 5-3
Setting Other Print OPLioNS .........oocueiieeiiiiiee e 5-4
Creating Custom Print SEttNGS .......cvvvviiiiiiiieeiiie e 5-5
Programmatic PriNtiNg ..........ooiiiiiiiieeiiiiiie e 5-6
Controlling When Printouts OCCU ........cccuvieeiiiiiiieeeieee e 5-7
ENhancing PriNtOULS..........cooiiiiiiiiic e 5-7
Setting Page LayOUL...........eeiiiiiiiiieeeiiiee et 5-7
Using Alternative Printing Methods ...........coooiiiiiiiiiiiiii e 5-8
Printing/Exporting Control and VI Descriptions to an RTF or HTML File...... 5-9
Programmatic RTF and HTML fileS ..o 5-13
LOCAlIZAtION ISSUES ......eveiieeiiiiiiee et 5-13
Creating Your OwWn Help FIles ..o 5-13
Chapter 6
Setting up Vis and SubVis
Creating POp-UP PANEIS ... 6-1
VI SELUP OPLIONS ...veiiiiii ettt ettt e e e e s nne e 2. 6-
EXECULION OPLIONS .. .uuiiiiiiiieeeee ittt ee e e e e s e e s e s e e e e e e e s s s s s te e e e e aeeeeesssnnrenes 6-2
WINAOW OPLIONS ...vvviiiiiieeeeee ettt r e e e e e s e e e e e e e s erae e e e aeeaseesnnnsnnnnees 6-3
Documentation OPLIONS ......c..uuiiiiiiieeiee e e e e s s e e e e e e e e raear e e 6-6
SubVI Node Setup Dialog BOX ...uuuiiieeeeeiiiiiiiiiiieeiriee e e e esseistetiee e e e e ee e e s e ssssnrranaeeeaaaeeeesennns 6-7
CUuStomizing the MENUDAT ..........c.eeiiiiiiiee e rra e e e e e e 6-8
Y= o T o 1 (o] ST ST PPPRPP 6-8
Menu Editor MeNU OPLIONS .....ccceeeiiiiiiiiiieiee e e e e e e e e e e e s s srrrrnreeeeae e 6-11

G Programming Reference Manual viii © National Instruments Corporation



Contents

Menu Editor TOOI Bar OPtioNS........oociiiiiiiieiieee et 6-12
Menu Selection Handling .........cc.uuueiiiiiie e 6-12
Menu Selection Handling FUNCHONS ..........uoiiiiiiiiiiiiieeee e 6-15
Get Menu Selection.........cccuuuiiiiiiie e 6-15
Enable Menu TraCKing .......ccceeuieaeariiiiiiiieee et 6-15
Dynamic Menu FUNCLIONS ..........ooiiiiiiiiiiiiiie e 6-15
INSErt MeNU ITEMS ... 6-16
Delete MENU ITBMIS ..o 6-17
Get Menu Item INFO.......uieiiii e 6-18
Set Menu M INFO ....uviiiiiiie e 6-18
Get Menu ShortCut INfO .....eeeeiiiiie e 6-19
APPICALION ITEM TAGS ..o vveeieei ittt 6-19
Chapter 7
Customizing Your Environment
Setting Preferences ... 1. 7-
Path PreferEnCes ... ... e 7-2
Library, Temporary, Default and Menus Directories............ 7-3
VI Search Path ... 7-4
Performance and Disk Preferences ... 7-6
Front Panel PreferenCes ... 7-9
Block Diagram PreferenCes ... 7-11
Debugging PreferencCes .........oouvveiiiiiiieeie e 7-12
COlOr PreferenCeS .. ..ciiiiiiieee e 7-13
FONE PrefereNCEeS......ooiiiiiieiie e 7-14
Printing PreferenCes ........cuvveiiiiiiie e 7-16
HIStOry PreferenCes .........evvi it 7-17
Time and Date PreferenCes ... 7-20
Miscellaneous PreferenCes........ocvvvviiiiiiie e 7-21
Server: CoNfIQUIAtION .........oiuiiiiiiiiiieee ettt e e 7-22
SEIVEI: TCP/IP ACCESS ..ottt ettt 7-23
Server: EXPOE VIS .....ooi ittt 7-26
How Preferences Are STOred ........ooouieiiiiiiiiei et 7-28
[ o o T USSP 1:29
Customizing the Controls and Functions Palettes ...........cccoovuiieiiiiiiiiiciiece e 7-30
Adding VIs and Controls to user.lib and instr.lib............cccceiiiiiiiiie, 7-31
Installing and Changing VIEWS .........c...uiiiiiiiiiiiiiiee e 7-31
= 1S 102 =0 [ (o] PP OPTUP PP P PPTPPPR 7-32
Creating SUDPAIELIES ......ccooiiiiii e 7-32
MOVING SUDPAIELES.......coiiiiiiiiiiei e 7-34
HOW VIEWS WOTK ...ttt 7-34

© National Instruments Corporation ix G Programming Reference Manual



Contents

Part Il—Front Panel Objects

Chapter 8
Introduction to Front Panel Objects
BUilding the FrONt PANEL........cooiiiiiiii et e e e e e e s 8-1
Front Panel Control and Indicator OPtioNS ............coovcvvrivieiieeeee s 8-2
Replacing ControlS .........ccoiiiiiiiiiiiiieee e 8-4
Key Navigation Option for CONtrolS.........ccevieeeiiiiciiiiieir e 8-6
Panel Order OPLiON .......viiee e a e e e e 8-8
Customizing Dialog BoX CONrOIS...........cociiuiiiiiiiiieee e 8-9
Customizing Controls Using Imported GraphiCsS ..........ccccuvviiiieeeeeeiiiiiiiiieeeeeee e e e 8-11
Chapter 9
Numeric Controls and Indicators
Digital Controls and INAICALOrS .........cc.uuiiiiiiiiee e e e e e e e e e e rrnae e 9-1
Digital NUMEIC OPLiONS ....uviiiiiieee e e e e e e e eeaae e 9-3
Displaying Integers in Other RAdiXES.........uvvvvveeiiiiiiiiiiiiieeeeee e 9-4
Changing the Representation of Numeric Values ..............cccccvvvveeen.. 9-4
Range Options of Numeric Controls and Indicators..........ccccccvvveeeeeeiicicivvinneenn, 9-5
Numeric Range CheCKIiNG........ccciiiiiiiiiiiiiiiiee e ee e e e e e 9-6
Format and Precision of Digital DiSPlayS ........cccccevivvciviiiiiiieee e ccesciiiieeeeeee e 9-8
Slide Numeric Controls and INAICALOIS .........oouuiiiiiiiiiiee s 9-11
SHAE SCAIE ...t 9-13
SCAIE MAIKEIS ..ottt 9-14
Changing Scale LiIMitS .......cevvvieeeiiiiiiiiiececcee e 9-14
Selecting Non-Uniform Scale Marker Distribution ............. 9-15
TEXE SCAIE .. 9-17
Filled and Multivalued SIS .........ocuuiiieiiiiiie e 9-18
Rotary Numeric Controls and INAICALOrS...........uuuviiieeeeeiiiiiiiiiiee e e e e 9-20
(©70] (o] g 21 ) QPRSP 9:22...
(O] (o] gl = -1 1 11 o USRS 9:23.....
O T B 3] 1= P EEURPR 9:25...
1 (=TT o T 11 £ SRRR 9-29
Units and Strict Type ChecCKiNg .........covvvviiiiiiiii e 9-30
[Lo] 1Y g To] o] a1 To3N U T 1 £ 9-32

G Programming Reference Manual X © National Instruments Corporation



Contents

Chapter 10
Boolean Controls and Indicators
Creating and Operating Boolean Controls and Indicators............cceeevveeieiiiiiiiiiiiieeeeeenn. 10-1
Configuring Boolean Controls and INAiCAtOrS ...........eeiiiiiiiiiiiiiiiiieeeeee e 10-3
Changing Boolean Labels..........coooaiiiiiiii e 10-3
Boolean Data Range Checking ..........cccceuiiiiiiiiiiiiieaae e 10-4
Configuring the Mechanical Action of Boolean Controls .................. 10-4
Customizing Booleans with Imported Pictures ..., 10-6
Chapter 11
String Controls and Indicators
Using String Controls and INAICAtOrS...........cccuvviiiiiiie e e e 11-1
String Control and Indicator MENU EMS ......cceeeiiii i 11-2
Scrollbar MENU IEEMS ......ooiiii it 11-3
D15 o] F= YA I8/ = PSPPSR 11-3
NOIMAL DISPIAY +.vvveeeeeeieeitiiie et e e e e rr e e e e e e e e e e e 11-3
Backslash ('\') Codes DiSplay.......ccccceeeiveiciiiiiiiieieee e ee e 11-4
PassWOord DiSPIaY .........cceeeiiiiiiiiiiiiic e 11-5
[ [SY a1 o] = Y PR 11-5
Limit t0 SINGIE LINE...ueeeiieiee et e e e e e s nnnnes 11-6
Update Value While TYPING....ccuveeeei i e e ee e e e 11-6
JLIE: 10 L= PSP PPPPN 116
Resizing Tables, Rows, and COIUMNS .........cccoviiiiiiiiiiiiieeir e 11-7
Entering and Selecting Data TabIes ........cccooiiiiiiiiiiiiiiie e 11-7
Chapter 12
Path and Refnum Controls and Indicators
Path Controls and INAICALONS........c.oaii ittt e e e e e e s 12-1
Refnum Controls and INAICALOrS ........cooiiiiiiiiieiie e e e 12-2
Chapter 13
List and Ring Controls and Indicators
LIStDOX CONLIOIS ...ttt e e e e e e e e e e e e 3:2.....1
Creating a List Of [TeMS ... 13-2
Selecting LiSthoX ITEIMS ... 13-3
LiStDOX DAA TYPES. .. eeeeeiieeeeaiiiiiietiee et e e e e e ettt e e e e e e e e e e e e e aaeeeaaaanseeneees 13-3
LiStboX POP-UP MENU IEMS .....eiiiiiiii et 13-4
SO .. e e e e as 13-4
SeleCtion MOAE ........ueiiiiiiie s 13-5
Keyboard MOGE........ccooiiiiiiiiiie e 13-6

© National Instruments Corporation Xi G Programming Reference Manual



Contents

DiSAbIe ITEIM ... 13-7
Iltem Symbol and Dividing LiNe ..........ccoiiiiiiiiiiiiiiiee e 13-7
RING CONIIOIS. ...ttt e e e e e e e e et e e e e e e e e e eaannnnens 13-8....
Adding Text IteMS t0 RINGS ...coooiiiiiiiiiie e 13-9
Adding Picture Items t0 RINGS .....uuiiiiiiiieee e 13-10
Changing the Size and Text of Text & Pict RiINGS .......coooviiiiiiiiiiiiiieeees 13-11
Enumerated TYPE CONTIOIS. .....coiiiiiiiiiiiee ettt e nrn e e e e 13-12
Chapter 14
Array and Cluster Controls and Indicators
F N £ 1=\ ST T PP PP PO PP TR 14:2
Creating Array CONMIOIS ... ... i eeaae s 14-5
Array DIMENSIONS ..ottt e e e e e e e eeees 14-8
Array INdeX DISPIAY ......cuvueiiiiiiiieee e 14-9
Displaying Arrays in Single-Element or Tabular Form ..................... 14-10
OPEIALING AFTAYS ...ttt et e e e e e ettt ee e e e e e e e e e s e taaeeeeeeeaaaasesaaasnnnbseeaeeaaaaaasanan 14-11
Default Sizes and Values Of ArraysS.......cccccevieiiiiiiiiiieeieeeee e 14-12
AITaY EIBMENTS ...t 14-14
FiNding the Size of AITayS.......coiueiiiiiieieee e 14-14
MOVING OF RESIZING AITAYS ...coiiiiiieeiiiiiee ettt ee e 14-14
Selecting Array CellS......oouuiiiiiii e 14-15
An Example of Selecting Array CellS..........ccocveeiiiieeninnnn 14-15
G Arrays and Arrays in Other SYSIEMS.......c..uviiiiiiiiie e 14-17
CIUSTEIS .ttt e et e e e et e e e e ab e e e eanb b e e e e s ammean 14-20
Creating ClUSLEIS ... ..eiiiiiiiiee et as 14-21
Operating and Configuring Cluster Elements.........cccccvvveiiiiiiiiiiniiieneciieeen 14-21
CluSter EIEmMENtS......ccoiiiiiiiieeiie e 14-22
Cluster Default ValUES..........c.ueeiiiiiiiiie e 14-22
Cluster Element OFder ........ooiuvieeiiiiieeeeiie et 14-22
Moving or ReSIZING CIUSLEIS ......ccoiiiiiiiiiiiiieeeeie e 14-23
ClIUSTEr ASSEMDIY .ot 14-24
BUNdIe FUNCLION ....ooiiiiiiiiiiie s 14-25
Bundle By Name FUNCHON .........c.cooiiiiiiiieiiiiiiee i 14-25
Array TO ClUuSter FUNCHON..........eiiiiiiiiecc e 14-28
CluSter DISASSEMDIY.......ueiiiiiie e 14-29
Unbundle FUNCLION .......coiiiiiiiiie s 14-29
Unbundle By Name FUNCHON .........ccooiiiiiiiiiiiiee i 14-30
Cluster To Array FUNCHON.........cooiiiiieiiiiie e 14-32
Replacing Cluster EIEMENTS ..........uviiiiiiiiie et 14-33

G Programming Reference Manual Xii © National Instruments Corporation



Contents

Chapter 15
Graph and Chart Controls and Indicators
Creating Waveform and XY Graphs .........cccoiiiiiiiicee e 15-2
Plotting SiNgle-Plot GraphsS.......oooiieiiiiieie e 15-3
Waveform Graph Data TYPES ...ceeeevieeiiiiiiiiiieiieie e 15-3
XY Graph Dat@ TYPES...eeeeeeeeeeiiei ittt ee ettt 15-4
Plotting MUItIPlOt GraphiS... ... 15-5
Waveform Graph Data TYPES ...eeeeeeieeiieiiiiiieiieie e 15-5
XY Graph Dat@ TYPES...eeeeeeeeeaiieiiiiiitieeet ettt 15-10
Setting Custom OptioNS 0N & Graph ........coocuveiiiiiiiieie e 15-11
SCAIE OPLIONS .ttt 15-13
Marker SPaCING......cccoiiuriiieiiiiiie e 15-14
FOIMATTING .. 15-14
AULOSCAIE ... 15-17
LOOSE Fil. .ot 15-17
Panning and Zooming OPLiONS ..........cueveeiiiiirieeiiiiie e 15-17
Legend OPLIONS .......cuviiieei it 15-19
WaVETOIM CRAS ... e nb e 21....15-
Waveform Chart DAt TYPES .....cccei ittt e e 15-21
Waveform Chart OPLIONS ........cooiiiiiieeiiii e 15-24
Chart Update MOUES .........cooiiiiiiiiiiiiiee et 15-24
Stacked Versus Overlaid PIOtS ...........cceeiiiiiiiiieiiiiie e 15-27
LCTr= o] (I O N | €T £ T PP TPTUPPPPP 15-28....
INEENSILY CRAITS ... 15:33...
INteNSity Chart OPLIONS. .........eviiiiiiie e 15-35
1070] (o] gl Y/ F=To] o1 o HEU O T PP PP PP PPPPURO 15-37
INTENSILY GraPRNS ...ttt 15-38....
INtensity Graph DAt TYPE .....cvveeeeiiiiiiee ittt e e 15-38
INteNnSity Graph OPLIONS ....o.eeieeiiiiie et 15-38
Chapter 16
ActiveX Controls
ActiveX Front Panel ENhanCements .........cooviiiiiiii i 16-1
ActiveX Variant Control and INICALON .........ccccoiviiiiiiiiiieeee e 16-1
ACHVEX CONTAINET ...ttt 2.....16-
BUIlAING ACHVEX PAlEIES ...vvviiiiiiiee i e e e e e e e s e e e e e e ee e s e e e e nnnenneees 16-5

© National Instruments Corporation Xiii G Programming Reference Manual



Contents

Part lll—Block Diagram Programming

Chapter 17
Introduction to the Block Diagram
TerminalS aNd NOUES .......oiiiiiiiiiie et e e s et bee e e e abeeas 17-1
LI 0T F= 1 RO 17-1
Control and Indicator TErmMinalsS..........ccooviiiieeiiiiie e 17-2
CONSTANTS .eiiieiei et e e e e e s 17-3
User-Defined COoNStants .........coccuvveeiiiiiiie e 17-3
Universal CONSLANTS........ooiviiieiiiiieee e 17-8
NOAES ...ttt s et e e ettt e e e e bt e e e e sttt e e e e enba e e e e nnreeas 17-8
FUNCHIONS .ttt et e st ee e 17-9
SHUCKUMES ... e e e e e et e s 17-11
Replacing and Inserting Block Diagram ObJECtS ..........cccvviviiiieeee e 17-12
Adding Constants, Controls, and Indicators Automatically...........ccccccevvvveeenieiciinneennnn. 17-13
Chapter 18
Wiring the Block Diagram
RVAY AT T T =2 T o [0 = PSR 18-1
LAY L= 1 =1 (11 o PSSR 18-6
Selecting, Moving, and Deleting WIreS ..........coieeeiiiiiiiiieie s e s 18-6
WIFING Off-SCIEEN......utiiiiiiie et e e e e e 18-9
Solving Wiring Problems............uuiiiiiiec et 18-10
BA WIIES ..ottt ettt st s 18-10
Wire Type CoNnfliCtS.....cccvvviiiiiiiiiieieee e 18-11
Multiple WiIre SOUICES .....ccoeviiciiiiiiieeeee e 18-12
NO WIF€ SOUICE .....evieiiiiiiieiiiiie ettt 18-12
LOOSE ENAS ...oviiiiiiiiie ettt 18-13
WIF CYCIES ..ot e 18-14
Wiring Situations t0 AVOId .........ccciiiiiieee e e e 18-14
LOOPING WIFES ...ccci ittt e e e e e s s e e ae e e e e e e 18-14
Hidden Wire SEgmMENtS........uuiiiiieiii e ee e 18-15
Wiring underneath ObJECES........ccvvviiiiiiiii e 18-16
Chapter 19
Structures
For Loop and While LOOP STIUCIUIES ......cooiiiiiiitie ettt ea e 19-3
(o] g oo o T PP PPTPPPPPPPPTPTPPPN 19-3
LAY 1= e T o U UUURURTRRN 19-4
Placing Objects iNSide StrUCLUIES........cooi i 19-4

G Programming Reference Manual Xiv © National Instruments Corporation



Contents

Placing and Sizing Structures on the Block Diagram ...........ccccoeovviiiiiieeneenennn. 19-5
Placing Terminals iNSide LOOPS ......ueuueeiiiiiaaiiiiiiiiieiee e et e e e e 19-6
AULO-INAEXING ..ottt e e e e e e e e st eeeaaaae e e e e annes 19-7
Auto-Indexing for Setting the For Loop Count .........cccccoeeeiiiiiiiinnnnen. 19-8
Auto-Indexing with While LOOPS ....ccoovviiiiiiiiiiiiiiiiieeeee e 19-9
Executing @ FOr LOOP Zer0 TIMES....ccuiiiiiiiiiiiiieeie et 19-9
SNt REGISTEIS ...ttt e e bbb e e e 19-10
Case and SEQUENCE SEIUCTUIES .......eiiiiiiiiieetiiieee e sttt e ettt ee et e e et e e e s abeeeeesanreeeeeaaes 19-13
CASE SITUCTUIES ...ttt ettt ettt e e e e e e e e e e e e e e aaaeeas 19-14
SEUUENCE STIUCTUINES....ceiiiiiiiiiitire ettt e e e e e s 19-18
Editing Case and SequenCe SIIUCIUIES ..........ccuuieeeiiiiiieeiiiiee e 19-20
Moving between Subdiagrams ..........ccooiiiiiiiiiii e 19-20
AddiNG SUDQIBGIAIMS .....coiiiiiiiii e 19-21
Deleting SUDTIAGIAIMS ........uuiiiiiiiiiiie e 19-22
Structure Wiring Problems ... 19-22
Assigning More Than One Value to a Sequence Local..................... 19-22
Failing to Wire a Tunnel in All Cases of a Case Structure................. 19-23
Overlapping TUNNEIS ........oouiiiiiii e 19-23
Wiring from Multiple Frames of a Sequence Structure....................... 19-24
Wiring Underneath Rather Than Through a Structure........................ 19-25
Removing Structures without Deleting Items in a Structure .............. 19-26
Chapter 20
Formula Nodes
USING FOrMUIA NOAES ..ot e e e e e e e e e 20-2
Formula Node FUNCtions and OPeratorsS.............eeeeeeiaaaaaaiiiiiiiiie et ee e ieeeee e e e e e 20-5
FOrMUIA NOTE SYNEAX ...ttt et e e e e e e e e s e bbbt reeeeeaeeeeeaannnees 20-8
FOrMUIA NOTE EFTOIS ...ttt e e e e e e et e et e e e e e e e e e anbenbeeeaaaaaens 20-10
Chapter 21
VI Server
USING the VI SEIVET ...ttt e e s e s e e e e e s e s st br e e e eeeeeeans 1...21-
VI Server Capabilities.........c.uuuuiiiiiiei e 2...21-
Application and VI REfEIENCES........uuuiiiiiie it e s 21-3
Using the Property and Invoke Nodes with Application and VI References .................. 21-4
Example of VI and Application Class Properties and Methods ............cccccocvveeeeeiicnnnee, 21-7
Manipulating VI Class Properties and Methods..........ccccccceeiiiiiiiiinie e 21-7
Manipulating Application Class Properties and Methods ...........ccccccveeiiiiiincee s 21-8
Manipulating VI and Application Class Properties and Methods .............cccccvcveveeiiinns 21-9
Strictly-Typed VI REfNUMS .....oviiiiiiicii e e e e e e 21-9
Example of Strictly-Typed VI RefNUMS........cccccvviiiiiiiiecee e 21-10

© National Instruments Corporation XV G Programming Reference Manual



Contents

Chapter 22
Attribute Nodes

Creating Attribute Nodes

................................................................................................. 22-1
Using Attribute NOdE HEIP .....eeeiiieiieei e 22-6
Base ALHDULES ... 22-1......
Visible AtHDULE ... 22-7
Disabled AttHDULE ... 22-8
Key FOCUS ALLHDULE........eeeeeeeiee e 22-8
BINKING AttrDULE ... 22-9
POSItION ARFDULE ......eeeieeiiie e 22-9
Bounds Attribute (Read ONIY).........coooiiiiiiiiiiiieeiiiiiee e 22-10
Examples of Attributes Specific to Controls or Indicators .............cccccvveeeeeenn.. 22-10
Changing Plot Color on a Chart ..........coocuveeiiiiiiiiee e 22-10
Setting the Strings of a Boolean Attribute.............ccccooiiiiis 22-11
Setting the Strings of RiNg CONtrolS...........cooiviiiiiiiie e, 22-11
Using a Double-Clicked ListboxX Item..........ccoovivieiiiiiieeeiiee e, 22-12
Selectively Presenting Users with OptionS..........cccceeviviiieeiiiiieeeenis 22-13
Reading Graph Cursors Programmatically ...........cccccoovovviieeiiiiieeennns 22-14
Chapter 23
Global and Local Variables
Global Variables...........ocviii 3:1.....2
LOCAl Vari@DIES........oeiiieiee e 23-4.....
Part IV—Advanced Topics
Chapter 24
Custom Controls and Type Definitions
(OIU1S3 (o] 1 I OXo] o1 £o] TP PPTPT O 2. 24
Using the Control EAItOr ...........coiii e 24-2
Applying Changes from a Custom CONtrol..........ccoooveiiiiiiiiiiiiiiieeeeeeeee e 24-3
Valid CuStom CONLIOIS .......ueiiiiiiiieie e 24-4
Saving CUuStOM CONLIOIS .......uviiiiiiiiee e 24-4
USIiNG CUSTOM CONIOIS ...t e e e e e e 24-4
MEKING ICOMNS...cei ittt e e e e e e e e e eeeeaaaaaeeeas 24-5
Independent Instances of Custom CONtrolS ..........coocoveeiiiiiie e 24-5
CUSEOMIZE MOUE OPLION. ..ceiiiuiiiiiie ittt ettt e et e e s e b e e e e e e e e eaneee 24-6
INAEPENUENT PAITS ....cciiiiiiiiiiitieee ettt e e ee e 24-6

Control Editor Parts Window 24-8

Customize Mode Pop-Up Menus for Different Parts

G Programming Reference Manual Xvi © National Instruments Corporation



Contents

COSMELIC PAIS ...ceiiiiieiiie ittt e e e e e e aeeeaaaaeeas 24-9
Cosmetic Parts with More than One Picture............ccccvveeeeeeeeeenninnnns 24-11
Cosmetic Parts with Independent PiCtures.............occcvvvieeeeeeeeeniiiinnes 24-12
TOXE PAITS ..o a e e e e e e 24-14
CONLIOIS @S PArTS ...ttt ee et e e e e e e e e e e e e e s e e nes 24-14
Adding Cosmetic Parts to Custom Controls.............cceevieeiiiiiiiiiiiiiiiiieeee s 24-15
CUSLOM CONIOl CAVEALS ...ceeii e ettt e e e e e e e e e e e aanees 24-16
TYPE DEFINIIONS ....veiieiiiiiiie et 4-17...2
General Type Definition: Matching Data TYPeS.........coovvievieriiiieeniiiieee e 24-17
Strict Type Definition: Everything Must Match ...........ccccviiiiiiiiciie 24-18
Type Definitions on the Block Diagram ..........ccccccviiiiieiiiiiiienieeee e 24-18
Creating Type DefiNitioNS ........c..eeiiiiiiiiieeiiieec e 24-18
Using Type DefiNitioNS ........ccooiiiiiiiiiiiiie et e 24-19
Updating Type DefinitioNS .........coioiiiiiiiaiiiiie e 24-19
Searching for Type Definitions .........coooiiiiiiiiiiie e 24-20
Cluster Type DefiNItiONS ........ccuuiiiiiiiiiiie e 24-20
Chapter 25
Calling Code from Other Languages
Executing Other Applications from within YOUr VIS...........ccociiiiiiiiiiiiieeee e 25-1
Using the Call Library FUNCLON............eiiiiiiiiiiiiiieec e 25-2
Using Code Interface NOUES........ueiiiiiiiaiiiiiiiee et 25-2
Call Library FUNCHON. .. .....eeeiiiiieeeee ettt e e e e e e e 3.....25-
Calling Conventions (WINAOWS) .......oooiuuiiiiiieiiie e e e e 25-5
Parameter LISTS ... .ceiiiiieiiiiiiiettei ettt e e e e e eee s 25-5
Calling Functions that Expect Other Data TYPeS........ccccuvieiiirieeieeeieriieeeeeen 25-7
LabWindows/CVI Function Panel CONVEIEr...........ooiiiiiiiiiiiiiiieaee et 25-8
CONVEISION PIOCESS ...ceiiiiiieiiiiiiitee ettt e e e e e e e ettt e e e e e e e e e e eannnaees 25-9
Chapter 26
Understanding the G Execution System
MUILItASKING OVEIVIEW ....ccoiiiiiiiiie e e e e e e ettt e e e e e e e e s er e e e e e e e e s snnnnsnenaeeneeeaeeeeeeanns 26-1
1Y 1] L) T == Uo [T [ SRR 26-2
The G EXECULION SYSEIM ....ccoiiiiiiiiiiieiiee et e e e e e e s s r e e ea e e e e e e nnnnes 26-3
BasiC EXECULION SYSTEM ..oviiiiiiiiiiciiii e ee e e e e e s e e 26-3
Managing the User Interface in the Single-Threaded Application.................... 26-4
Multithreaded Application and Multiple Execution Systems .........c.ccccceeecnnns 26-4
Synchronous/BIOCKING NOAES .......ceviiiieiiie e 26-6

© National Instruments Corporation XVii G Programming Reference Manual



Contents

PrIOMEIZING TASKS. ...ttt a e e 26:1.....
Wait Functions for Prioritizing TasKsS ........ccocuuiiiiiiiiiee e 26-7
VI SEEUP PrIOIILY ..ttt e e e e et eeeaaaeeeeaan 26-8
Priorities in the User Interface Thread and Single-Threaded
EXECULION SYSEIM ..ot 26-8
Priorities in Other Execution Systems
of the Multithreaded SysStem..........ccuiiiiiiiiii e 26-9
Subrouting Priority LEVEl ........ocueviiiiiiiee e 26-10
Reentrant EXECULION OVEIVIEW .........coiuuiiieiiiiiie ettt 26-11
Examples of USINg REENTIANCY .........coiiiiiiiiiiiiiiiiee ettt 26-13
UsiNg @ VI That WAILS .....ccooiiiiiiiiiiiieeeeiie e 26-13
Using a Storage VI Not Meant to Share Its Data...........ccccccceeeeeiiinens 26-14
Synchronizing Access to Globals, Locals, and External Resources................. 26-15
RACE CONILIONS.....oiiiiiiiiieiiiiit e 26-15
Functional GIODAIS ...........eeeiiiii e 26-16
SEMAPNOTES ...t 26-17
Other Synchronization FUNCLIONS...........coiiiiiiiiiiiiiieiiie e 26-20
General Suggestions for Using Execution Systems and Priorities ................... 26-21
Chapter 27
Managing Your Applications
File Arrangement Using VI LIDraries. ... 27-1
BacCKiNg UP YOUF FIlES ... ettt e e e e e e e e e e e e e eenees 27-2
DIStHDULING VIS ... e e e e e 27:2....
PassSWOrd-ProteCted VIS ...........oocuuiiioiiiiiie it 27-4
Save with Options Dialog BOX.........cociueiiiiiiiiieeee e 27-5
Designing Applications with Multiple Developers ..o 27-7
Keeping Master COPIES .....ccoiiiiuiiiiiieee ettt e e e e e e e e e e e senneeeeeees 27-7
VI HISTONY WINGOW.....cceiiiiiiiieiiiee et 27-8
ReVISION NUMDEIS ....oeiiiiiiiiiie e 27-10
Resetting History INformation ..o 27-11
Printing History Information ............ccccovviiiiiiiiiniie e 27-11
Setting Related VI Setup and Preference Dialog Box Options........... 27-12
Chapter 28
Performance Issues
VI Performance Profiling ...........eeoiii it e e 28-1
ViIiewWing the RESUILS .......uviiiiiiiie e e e e e e 28-3
TimIiNg INFOrMAtioN .......cvviiiiii e 28-4
Memory INfFOrMation ..........ccooi i 28-5

G Programming Reference Manual Xviii © National Instruments Corporation



Contents

VI EXECULION SPEEA ...ttt ettt et e ettt e e e e e e e s e s e nbbbbe e e eeeaaaee e s 28-6
INPUL/OULPUL ..ottt e e e e e e e e s e e e e eeaaeaeeeeaaanns 28-6
SCIEEN DISPIAY .. eeiieiee i a e 28-7
OLNEI ISSUBS ...ttt ettt ettt e e sannneee s 28-8
Parallel DIagramsS ..........ueeeiiiiiaaiai et a e 28-8
SUDBVI OVErhEad. ........eeiiiiiiiiiie e 28-9
Unnecessary Computation in LOOPS .......oocciviiiiiiieiaea e 28-10
VIMEMOIY USAQE ...ttt ettt e e e e e e e e e e e s e e e e e e s 28-12
VIFTUAL IMEBIMOTY ...ttt s e e 28-13
MaCINTOSN MEMOIY ... 28-13
VI Component Memory Management..........coovviirrrriiiiieennee e e 28-14
Dataflow Programming and Data BUffers............cccciiiiiiii e 28-15
MONItOriNG MEMOIY USAJE .......eveiiieiiiiiie ettt 28-17
Rules for Better MemOory USAQE.........ccoiiiriiiieiiiiiee ettt 28-18
Memory Issues in Front Panels...........ccooccviiiiiiiciiiie e, 28-19
SubVIs Can Reuse Data MemOIY .......c..eeeeiiiiiieiiiiiieee e 28-21
Local Variables Cannot Reuse Data Memory.........cccocceveenniiieeennnne 28-21
Global Variables Always Keep Copies of Their Data.............ccccc...... 28-21
Understanding When Memory Is Deallocated............ccccoovveeeeennnnnen. 28-22
Determining When Outputs Can Reuse Input Buffers........................ 28-23
CoNSISteNt DAA TYPES ...vveeeiiiiiiiieiiitit ettt 28-23
How to Generate Data of the Right Type ........cccooovieieiinnen. 28-24
Avoid Constantly Resizing Data ..........cccccovvvvveeeiiiiieeennen, 28-25
Example 1: Building Arrays ........cccoocveeeeiiiiieeeniieeeee e 28-25
Example 2: Searching through Strings ..........cccccoviiiinnnnnn. 28-27
Developing Efficient Data SIrUCIUIES..........ceviiiiiiieeiiieieee et 28-29
Case Study 1: Avoiding Complicated Data TYPES......ccceevviiiveeeeniiiieee e 28-31
Case Study 2: Global Table of Mixed Data TYPES.......ccveeviiieeeeeiiiiieeesrieeeeens 28-33
Obvious IMpPIEMENtatioN ..........occuiiii it 28-34
Alternative Implementation 1 ..........cccccoeiiiiieiiiniieee e 28-34
Alternative Implementation 2 ..........cccccoeiiiiiiiiniie e 28-35
Case Study 3: A Static Global Table of StHNgS .......ccoociiiiiiiii e, 28-36
Chapter 29
Portability and Localization Issues
Portable and NONPOrable VIS.......ooo i 29-1
Porting between PIatformMs .. .. ... 29-2
Separator Character DIfferenCes.........oooouuiiiiiiii e 29-2
Resolution and Font DIfferenCeS.........uuviiiiiiiiiie e 29-2
OVerlapping LaADEIS ...t 29-4
PICtUre DIfferE@NCES ......eiiiiiiiiee e 29-4

© National Instruments Corporation Xix G Programming Reference Manual



Contents

VI LOCAIZALION ...t e e 29-5....
Importing and EXporting VI StHNQS .......eeeieiiiiaiiiiieieeee e 29-6
Syntax of the VI String File ... 29-6
Editing VI WINAOW TitIES.....coe e 29-12
Period and Comma Decimal Separators ..............cveeeiaeiiiiieiiiieeeae e 29-12
Format Date/Time SIMNG ....cccoiurriieiiiiiei ettt 29-13

Porting across G-Language APPlICAtIONS .........coocuuiiiiiiiiiiiee i 29-13
LabVIEW t0 BIHAGEVIEW......ccoiiiiiiiiiiiiie ettt 29-13
BridgeVIEW t0 LADVIEW.......ccoiiiiiiiiiiiecceet et 29-13

Appendices, Glossary, and Index

Appendix A
Data Storage Formats
Data Formats for Front Panel Controls and Indicators.............cccooeevvvevvvivveevvvveviinnn, A-1
BOOIBANS ... .o e e —————— A-1
N[O T 1T oSSR A-1
(=] 4o [=To OO A-1
DOUDBIE ...t e e e e e e e e e A-2
SINGIE e e aaa e A-2
LONG INTEOET ..t e A-3
LAY (o I [ a1 (=T = PP A-3
BYLIE INEEOET ..ot e A-3
F L = 1Y PSP PPPUPPPPPTNN A-3
S 11T 1SR A-4
P atNS ... e A-4
(O [T (=] £SO A-5
BN =T D=1 1] o] o] £ SRRSOy AP A-
(D F= 1= R Y/ 012 PP PP TPPPPPPNN A-8
F £ = | P PO PP PP PPPPIN A-11
(O [T (=] OO US PP PUPRPR A-11
FIattenN@d Data.......uuuiieiiieiiieiiieeeee et e e e e e e e e e e e e e e e A12.....
Y or= 1= £ TR A-13
Strings, Handles, and Paths.........ccccooviiiiiii s A-13
F £ = 1A PRSPPI A-13
(O [0 1S (=] ¢ PP A-14

G Programming Reference Manual XX © National Instruments Corporation



Contents

Appendix B

Common Questions about G
Charts and GraphS.... ... 1. B-
Error Messages and CrasShesS .........eeieiiiiiiiaa ettt aaaae s B-4
Platform Issues and CompatibDilities ...........cooiiiiiiiiii e B-5
10111V PRSP RS B-6.
MISCEITANEOUS ....ceiiiiiiiiiee et B-8.......

Appendix C

Customer Communication

Glossary

Figures and Tables
Figures

Figure 2-1.
Figure 2-2.
Figure 2-3.
Figure 2-4.

Figure 5-1.
Figure 5-2.
Figure 5-3.

Figure 6-1.
Figure 6-2.
Figure 6-3.
Figure 6-4.
Figure 6-5.

Figure 19-1.
Figure 19-2.
Figure 19-3.

Figure 29-1.

Front Panel Label Dialog BOX.........ccuiiiiiiiiiiiiiiiiiieeeee e 2-14
Pop-Up Menu in @ Label ... 2-14
Attribute Node Showing Caption Attributes ..., 2-14
Context-Sensitive Help Dialog BOX........cccuviiiiiiiiiiieiiiieeieee e 2-15
Print Documentation Dialog BOX.......ccccuaaaiiiiiiiiiiiiieieiee e 5-10
Print Documentation Dialog Box, RTF File .........cccccoiiiiiiiis 5-11
Print Documentation Dialog Box, HTML File .........cccccciniiiiiiiiiiinecnns 5-11
MENU EdITOr ...t 6-9
Choosing an Application HeM..........occuiiieiiii e 6-10
Get Menu Selection FUNCHON ... 6-14
Enable Menu Tracking FUNCHON ............uviiiiiiiieiieee e 6-14
Dynamic MenU INSEIION ........c.uuiiiiiiiiieiei ittt 6-17
Case Structure Type MIiSMAtCh .........cooiiiiiiiiiiiiie e 19-15
Pop-Up Menu Items for a Case StrUCTUIe .........cceeveeiiiiiieeeiiiiiee e 19-17
Rearrange Case Dialog BOX ........cccoiiuiiiiiiiiiiiiieiiieeee e 19-17
VI Localization EXAMPIE........ocuueiiiiiiiiiieiiiieee e 29-5

© National Instruments Corporation XXi G Programming Reference Manual



Contents

Tables

Table 4-1.
Table 4-2.

Table 5-1.
Table 5-2.

Table 6-1.

Table 7-1.
Table 7-2.

Table 9-1.
Table 9-2.
Table 9-3.
Table 9-4.
Table 9-5.
Table 9-6.

Table 11-1.

Table 17-1.

Table 20-1.
Table 20-2.

Table 29-1.
Table 29-2.
Table 29-3.
Table 29-4.
Table 29-5.

Table A-1.
Table A-2.

EITOr MESSAQES. .. .. it 4-10
Breakpoint Placement ..........coooi i 4-26
RESUIING JPEGS. ..ot 5-12
Image Naming-Scheme EXamples ...... ... 5-13
PaY o] o] o= TuTe] TN 1 (=T o 4 I 1= To 1= SO PPRUURPR 6-19
SEIVEr: TCP/IP ACCESS......uuiiieiiiiiiie ettt 7-25
Server: Exported VI LiSt ENHES.......oocviiiiiiiiiiee e 7-27
Range Options of Floating-Point NUmMbers..........ccccoceeiiiiiiiiniicece, 9-5
BASE UNILS ...ttt 9-26
Derived Units with Special Names .........ccccoociiiiiiiiiee e 9-26
Additional Units in Use with STUNIES .........ooviiiiiiiiii e, 9-27
CGS UNIS ..ttt ettt e e et e e e sabr e ee e 9-28
Ot UNIES ..ceiiiiiiee ettt e e e e 9-28
G 'V COUBS ...ttt 11-4
G Control and Indicator Terminal Symbols............cccceiiiiiiiiiiis 17-2
Formula NOde FUNCHONS. ........coiuiiiieiiiiiie e 20-5
Formula NOAE EITOrS .....oeiiiiiiiiiiiceie e 20-10
VI Tag DESCHPLIONS ...ttt 29-7
Contents of the Front Panel............ccooiiiiiii e 29-8
Tags for the [CONTIOI] ......ooiiiiii e 29-8
Default Data for SINGS .....oovveiiiiieieeeeie e 29-10
Tag Descriptions for Table Cells, Graph Plot Names,

AN CUISOI NBMES ..ottt 29-11
Scalar NUMETC Data TYPES ..cocoiiiiiieiiiiiiee ettt A-8
NON-NUMEFC DAta TYPES ..ceeiiiiiiiiiiiiiiie ettt e A-9

G Programming Reference Manual XXii © National Instruments Corporation



About This Manual

The G Programming Reference Manud#scribes how to create, edit, and
execute virtual instruments (VIs) using the G-programming language. This
manual explains the front panel and block diagram; numeric, Boolean,
string, array and cluster controls and indicators; graphs and charts; and
wiring the block diagram.

Organization of This Manual

This manual covers four subject areas. Chapters 1 through 7 introduce
basic G concepts. Chapters 8 through 16 explain how to use front panel
objects. Chapters 17 through 23 explain block diagram programming
objects and techniques, and Chapters 24 through 27 cover advanced

G topics.

Part I—Basic G Concepts

This section contains basic information about programming in G and
creating, editing, and customizing virtual instruments (VIs).

Part I,Basic G Concepigontains the following chapters.

» Chapter 1)ntroduction to G Programminglescribes the unique
G approach to programming. It also explains how to start using G to
develop programs.

« Chapter 2Editing Vls describes the basic features of building and
using Vls, including information about palettes and menus. It also
describes such basic tasks as how to create objects, how to change
tools, and how to open, run, and save Vils.

» Chapter 3Using SubVlsdescribes the concept of hierarchical design
in G applications and explains two methods of creating subVIs. The
chapter also describes two utilities—the Hierarchy window, which
displays the hierarchy of your VIs, and the Find utility, which finds
occurrences of subVls, as well as other objects or strings of text that
you indicate.

» Chapter 4Executing and Debugging VIs and Suh\disscribes
operating and debugging VIs, and explains the setup of VIs and
subVIs for special execution modes.

e Chapter 5Printing and Documenting Videscribes a variety of issues
involving printing and VI documentation.
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« Chapter 65etting up VIs and SubViescribes how you customize VI
behavior using th¥l Setup andSubVI Node Setupdialog boxes.

e Chapter 7Customizing Your Environmemixplains how to customize
your environment by setting editor preferences for features such as
printing, display, andndo, and by changing the contents of the
Controls andFunctions palettes.

Part Il—Front Panel Objects

This section contains information about front panel objects, controls and
indicators, and ActiveX controls.

Part 11, Front Panel Objectscontains the following chapters.

e Chapter 8Jntroduction to Front Panel Objectintroduces the front
panel and its two components—controls and indicators. It also
explains how to import graphics from other programs to use in your
controls.

e Chapter 9Numeric Controls and Indicatordescribes how to create,
operate, and configure the various styles of numeric controls and
indicators.

e Chapter 10Boolean Controls and Indicatardescribes how to create,
operate, and configure Boolean controls and indicators.

e Chapter 11string Controls and Indicatorsiescribes how to use
string controls and indicators, and the table. You can access these
objects through th€ontrols»String & Table palette.

e Chapter 12Path and Refnum Controls and Indicatodescribes how
to use file path controls and refnums, which are available from the
Controls»Path & Refnum palette.

e Chapter 13List and Ring Controls and Indicatgrdescribes the
listbox and ring controls and indicators, which are available from the
Controls»List & Ring palette.

e Chapter 14Array and Cluster Controls and Indicatqidescribes how
to use arrays and clusters. You access arrays and clusters from the
Controls»Array & Cluster palette.

e Chapter 15Graph and Chart Controls and Indicatqrdescribes how
to create and use the graph and chart indicators in the
Controls»Graph palette.

« Chapter 16ActiveX Controlsdescribes the ActiveX Container
capability, which enhances the interactions between G-based software
and other applications.
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Part lll—Block Diagram Programming

This section contains information about the components required to build
and manipulate a block diagram in G.

Part 111, Block Diagram Programmingontains the following chapters.

e Chapter 17Introduction to the Block Diagrandescribes terminals
and nodes—two of the three elements you use to build a block
diagram. The third element, wiring, is covered in ChapteWigng
the Block Diagram

e Chapter 18Wiring the Block Diagramexplains how to connect
terminals on the block diagram by wiring them together.

» Chapter 19structures describes how to use the For Loop, While
Loop, Case Structure, and Sequence Structure. These structures are in
the Functions»Structurespalette.

e Chapter 20Formula Nodesdescribes how to use the Formula Node
to execute mathematical formulas on the block diagram. The Formula
Node is available from thieunctions»Structurespalette.

« Chapter 21YI Server describes the mechanism for controlling Vis
and applications programmatically. This chapter also describes how to
control Vs or applications remotely.

» Chapter 22Attribute Nodesdescribes how to use attribute nodes to
set and read attributes of front panel controls programmatically. Some
useful attributes include display colors, control visibility, menu strings
for a ring control, graph or chart plot colors, and graph cursors.

e Chapter 23Global and Local Variablesdescribes how to define and
use global and local variables. Use global variables to access a
particular set of values easily from multiple Vls. Local variables serve
a similar purpose within a single VI.

Part IV—Advanced Topics

This section contains information about advanced G features and
techniques you can use to create virtual instruments.

Part 1V,Advanced Topicontains the following chapters.

e Chapter 24Custom Controls and Type Definitigmstroduces custom
controls and type definitions.

» Chapter 25Calling Code from Other Languagedescribes various
methods of calling code written in other languages.
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Chapter 26Understanding the G Execution Systetascribes VI
multitasking and execution.

Chapter 27Managing Your Applicationglescribes how to manage
files in your G applications.

Chapter 28Performance Issuess in three sections. The first section
describes the Performance Profiler, a feature that shows you data about
execution time of your VIs and monitors single-threaded,
multithreaded, and multiprocessor applications. The second section
describes factors affecting run-time speed. The third section describes
factors affecting memory usage.

e Chapter 29Portability and Localization Issuedescribes issues
related to transporting VIs between platforms and VI localization.

Appendices, Glossary, and Index

* Appendix A,Data Storage Formatslescribes the formats in which
you can save data.

« Appendix B,Common Questions about @rovides answers to some
of the questions commonly asked by G users.

¢ Appendix C,Customer Communicatiogontains forms to help you
gather the information necessary to help National Instruments solve
your technical problems and a form you can use to comment on the
product documentation.

¢ TheGlossarycontains an alphabetical list and description of terms
used in this manual.

« Thelndexcontains an alphabetical list of key terms and topics in this
manual, including the page where you can find each one.

Conventions Used in This Manual

The following conventions are used in this manual:

<> Angle brackets enclose the name of a key on the keyboard—for example,
<shift>. Angle brackets containing numbers separated by an ellipsis
represent a range of values associated with a bit or signal name—for
example, DBI0<3..0>.

1 Square brackets enclose optional items—for examggspdnse .
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About This Manual

A hyphen between two or more key names enclosed in angle brackets
denotes that you should simultaneously press the named keys—for
example, <Control-Alt-Delete>.

The» symbol leads you through nested menu items and dialog box options
to a final action. The sequenEde»Page Setup»Options»Substitute

Fonts directs you to pull down theile menu, select theage Setuptem,
selectOptions, and finally select th8ubstitute Fontsoptions from the

last dialog box.

The e symbol indicates that the text following it applies only to a specific
product, a specific operating system, or a specific software version.

Bold text denotes the names of menus, menu items, parameters, dialog
boxes, dialog box buttons or options, icons, windows, Windows 95 tabs,
or LEDs.

Bold italic text denotes an activity objective, note, caution, or warning.
Key names are capitalized.

Italic text denotes variables, emphasis, a cross reference, or an introduction
to a key concept. This font also denotes text from which you supply the
appropriate word or value, as in Windows. 3.

Text in this font denotes text or characters that you should literally enter
from the keyboard, sections of code, programming examples, and syntax
examples. This font is also used for the proper names of disk drives, paths,
directories, programs, subprograms, subroutines, device names, functions,
operations, variables, filenames and extensions, and for statements and
comments taken from programs.

Bold text in this font denotes the messages and responses that the computer
automatically prints to the screen. This font also emphasizes lines of code
that are different from the other examples.

Italic text in this font denotes that you must enter the appropriate words or
values in the place of these items.

paths Paths in this manual are denoted using backslashes (\) to separate drive
names, directories, folders, and files.

Platform Text in this font denotes information related to a specific platform.

This icon to the left of bold italicized text denotes a note, which alerts you
to important information.
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A

This icon to the left of bold italicized text denotes a caution, which advises
you of precautions to take to avoid injury, data loss, or a system crash.

Abbreviations, acronyms, metric prefixes, mnemonics, symbols, and terms
are listed in th&lossary

Related Documentation

The following documents contain information that you might find helpful
as you read this manual:

e LabVIEW User Manual

e BridgeVIEW User Manual

¢ LabVIEW DAQ Basics Manual

e LabVIEW Function and VI Reference Manual
e LabVIEW Quick Start Guide

« LabVIEW or BridgeVIEWOnline Referenceavailable by
selectingHelp»Online Reference

e LabVIEW Online Tutorial(Windows only) which you launch
from the LabVIEW dialog box

e LabVIEW Getting Startedard
¢ G Quick Referenceard
¢ VXI VI Reference Manual

« LabVIEW Code Interface Reference Manuwaiailablein portable
document format (PDF) on your software program disks or CD.

Customer Communication

National Instruments wants to receive your comments on our products and
manuals. We are interested in the applications you develop with our
products, and we want to help if you have problems with them. To make it
easy for you to contact us, this manual contains comment and configuration
forms for you to complete. These forms are in Appendi€@tomer
Communicatiopat the end of this manual.
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Basic G Concepts

This section contains basic information about programming in G and
creating, editing, and customizing virtual instruments (VIs).

Part I,Basic G Concepigontains the following chapters.

» Chapter 1ntroduction to G Programminglescribes the unique
G approach to programming. It also explains how to start using G to
develop programs.

« Chapter 2Editing VIs describes the basic features of building and
using Vls, including information about palettes and menus. It also
describes such basic tasks as how to create objects, how to change
tools, and how to open, run, and save ViIs.

» Chapter 3Using SubVisdescribes the concept of hierarchical design
in G applications and explains two methods of creating subVIs. The
chapter also describes two utilities—the Hierarchy window, which
displays the hierarchy of your VIs, and the Find utility, which finds
occurrences of subVls, as well as other objects or strings of text that
you indicate.

» Chapter 4Executing and Debugging VIs and Suh\ksscribes
operating and debugging VIs, and explains the setup of VIs and
subVIs for special execution modes.

e Chapter 5Printing and Documenting V]describes a variety of issues
involving printing and VI documentation.

* Chapter 6Setting up VIs and SubVidescribes how you customize
VI behavior using th&| Setup andSubVI Node Setupdialog boxes.

e Chapter 7Customizing Your Environmerexplains how to
customize your environment by setting editor preferences for features
such as printing, display, atthdo, and by changing the contents of
the Controls andFunctions palettes.



Introduction to G Programming

What Is G?

This chapter describes the unique G approach to programming. It also
explains how to start using G to develop programs.

G is the programming language at the heart of LabVIEW. It is also integral
to the National Instruments application development environment
BridgeVIEW.

G, like C or BASIC, is a general-purpose programming language with
extensive libraries of functions for any programming task. G includes
libraries for data acquisition, GPIB and serial instrument control, data
analysis, data presentation, and data storage. G also includes conventional
program debugging tools, so you can set breakpoints, animate the
execution to see how data passes through the program, and single-step
through the program to make debugging and program development easier.

G differs from those programming languages in one important respect.
Other programming languages &&tbasedwhile G isgraphical

Components of a VI

G is a general-purpose programming system, but it also includes libraries
of functions and development tools specifically designed for data
acquisition and instrument control. G programs are cailalal
instrumentgVIs) because their appearance and operation can imitate actual
instruments. However, Vs are similar to the functions of conventional
programming languages.

A VI consists of an interactive user interface, a dataflow diagram that
serves as the source code, and icon connections that set up the VI so that
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Note

Introduction to G Programming

it can be called from higher level VIs. More specifically, VIs are structured
as follows.

« The interactive user interface of a VI is calledftbat pane] because
it simulates the panel of a physical instrument. The front panel can
contain knobs, pushbuttons, graphs, and other controls and indicators.
You enter data using a mouse and keyboard, and then view the results
on the computer screen.

e The VI receives instructions frombéock diagram which you
construct in G. The block diagram is a pictorial solution to a
programming problem. The block diagram is also the source code for
the VI.

e VIs are hierarchical and modular. You can use them as top-level
programs, or as subprograms within other programs or subprograms.
A VI, when used within another VI, is callecdsabVI Theicon and
connectornof a VI work like a graphical parameter list so that other VIs
can pass data to a subVI.

With these features, G makes the best use of the conceyoidofar
programming You divide an application into a series of tasks, which you
can divide again until a complicated application becomes a series of simple
subtasks. You build a VI to accomplish each subtask and then combine
those VIs on another block diagram to accomplish the larger task. Finally,
your top-level VI contains a collection of subVIs that represent application
functions.

Because you can execute each subVI by itself, separate from the rest of
the application, debugging is much easier. Furthermore, many low-level
subVIs often perform tasks common to several applications, so you can
develop a specialized set of subVIs well suited to future applications.

The following sections further explain the front panel, block diagram, icon,
connector, and other related features.

To view examples of different features that G uses for your LabVIEW or
BridgeVIEW application, refer to thexamples directory.
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Front Panel

The user interface of a VI is like the user interface of a physical
instrument—the front panel. A front panel of a VI might look like the
following illustration.
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The front panel of a VI is primarily a combinationaaitrolsand
indicators.Controls simulate instrument input devices and supply data to
the block diagram of the VI. Indicators simulate instrument output devices
that display data acquired or generated by the block diagram of the VI.
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Block Diagram

You add controls and indicators to the front panel by selecting them from
the floatingControls palette shown in the following illustration.

I Controls |

You can change the size, shape, and position of a control or indicator. In
addition, each control or indicator has a pop-up menu you can use to change
various attributes or select different menu items. You access this pop-up
menu by doing the following.

«  (Windows and UNIX) right-clicking the object with the mouse button.
e (Macintosh) <command>clicking the mouse button.

See Chapter Editing VIs and Part lIFront Panel Objectsof this manual
for information about how to build a front panel.

You can switch from the front panel to the block diagram by selecting
Windows»Show Diagramfrom the menu.

The Diagram window holds the block diagram of the VI, which is the
graphical source code of a VI. You construct the block diagrawittryg
together objects that send or receive data, perform specific functions, and
control the flow of execution.

The following simple VI computes the sum of and difference between two
numbers. The diagram shows several primary block diagram program
objects—nodesterminals andwires
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When you place a control or indicator on the front panel, a corresponding
terminal appears on the block diagram. You cannot delete a terminal that
belongs to a control or indicator. The terminal disappears only when you
delete its control or indicator on the front panel.

The Add and Subtract function icons also have terminals. Think of
terminals as entry and exit ports. Data that you enter into the controls
(a and b)exitsthe front panel through the control terminals on the block
diagram. The data themtersthe Add and Subtract functions. When the
Add and Subtract functions complete their internal calculations, they
produce new data values at theiit terminals. The data flows to the
indicator terminals and reenters the front panel, where it is displayed.
Terminals that produce data are referred tdaaa source terminaland
terminals that receive data atata sink terminals

Nodes are program execution elements. They are analogous to statements,
operators, functions, and subroutines in conventional programming
languages. The Add and Subtract functions are one type of node. G has
an extensive library of functions for math, comparison, conversion, 1/O,

and more.
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Another type of node isstructure Structures are graphical representations

of the loops and case statements of traditional programming languages. The
G-programming language also has special hodes for linking to external
text-based code and for evaluating text-based formulas.

Wires are the data paths between source and sink terminals. You cannot
wire a source terminal to another source, nor can you wire a sink terminal
to another sink. However, you can wire one source to several sinks. Each
wire is a different style or color, depending on the value that flows through
the wire. The previous illustration shows the wire style for a numeric scalar
value—a thin, solid line.

Data flowis the principle that governs G program execution. Stated simply,
a node only executes when all data inputs arrive; the node supplies data to
all of its output terminals when it finishes executing; the data immediately
passes from source to sink terminals. Dataflow programming contrasts with
the control flow method of executing a conventional program, in which
instructions are executed in the sequence in which they are written. Control
flow execution is instruction driven. Dataflow executionlgadrivenor
data-dependent

See Part llIBlock Diagram Programminggf this manual for in-depth
information about using block diagram objects to build a program.

Icon and Connector

When an icon of a Vl is placed on the diagram of another VI, it becomes a
subV| the G equivalent of a subroutine. The controls and indicators of a
subVI receive data from and return data to the diagram of the calling VI.

Theconnectoris a set of terminals that correspond to the subVI controls
and indicators. Thizonis either the pictorial representation of the purpose
of the VI, or a textual description of the VI or its terminals.

The connector is much like the parameter list of a function call; the
connector terminals act like parameters. Each terminal corresponds to a
particular control or indicator on the front panel. A connector receives data
at its input terminals and passes the data to the subVI code through the
subVI controls, or receives the results at its output terminals from the subVI
indicators.

Every VI has a default icon displayed in the icon pane in the upper right
corner of the front panel and block diagram windows. This VI icon is
shown in the following illustration.
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Every VI also has a connector, which you access by choS$iogy

Connector from the icon pane pop-up menu on the front panel. When you
bring up the connector for the first time, you see a connector pattern. You
can select a different pattern if you want. The connector generally has one
terminal for each control or indicator on the front panel. You can assign up
to 28 terminals. If you anticipate future changes to the VI that might require
a new input or output, leave some extra terminals unconnected.

For more information, see Chapten&ing SubVls

Getting Help

The Help window contains help information for functions, constants,
subVils, controls and indicators, and dialog box menu items. To display
the window, choos8how Helpfrom theHelp menu or press

<Ctrl-h>  (Windows); <command-h> (Macintosh); <meta-h> (Sun); or

<Alt-h> (HP-UX). If your keyboard has<eHelp> key, press that instead.
Move your cursor over the icon of a function, a subVI node, or a VI icon
(including the icon of the VI you have open, shown at the top right of the
VI window) to see the help information.

SelectingHelp»Lock Help or clicking the lock icon at the bottom of the
window locks the current contents of the Help window. When you lock it,
moving over another function or icon does not change the display in the
Help window. Selectock Help or click the lock icon again to turn this
menu itenoff.

Front Panel Help

When you move the cursor over a control or indicator, the Help window
displays the description for that particular control or indicator. It is a good
idea to enter descriptions for all controls and indicators when you create a
VI. See theCreating Object Descriptiorsection of Chapter Editing VIs

for information.

If you hold the cursor on a VI icon in the top right of a front panel for a few
moments, the Help window displays help for that VI.
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Block Diagram Help

For functions and subVI nodes, the Help Window displays the icon, inputs
and outputs, as well as a description of the functionality of the node.

You can display the Help window as either a simple or a detailed view by
pressing the second button at the bottom of the Help window or by toggling
theHelp»Simple Helpmenu item.

The simple view emphasizes the important connections and de-emphasizes
the other less critical connections. In this view, labels of required
connections are in bold text and recommended connections are in plain
text. Optional connections do not display their name and only draw a small
wire stub to indicate more options exist if the user requires them. The
following illustration shows the simple view of a data acquisition VI.
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In the detailed view, the Help window shows all inputs with wires pointing
to the left, and outputs with wires pointing to the right. Labels of optional
inputs are in gray text. The following illustration shows the detailed view
of the same data acquisition VI.
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The disk location of the subVI displays beneath the icon in detailed mode.
In simple mode, only the subVI name displays.
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If a function input does not require wiring, the default value usually is
indicated next to the name in parentheses. If the function can accept
multiple data types, the Help window shows the most common type.

The terminal names for subVI nodes are the labels of the corresponding
front panel controls and indicators. The default values of subVI inputs do
not appear in the help window automatically. It is a good idea to include the
default value in parentheses in the name of controls when you create a
subVI.

When you place the Wiring tool over a wire, the Help window displays the
data type of that wire. Also, when you move the Wiring tool over different

areas of the VI icon, the corresponding connector terminal is highlighted in
the Help window.

Attribute Help

If you do not know the meaning of a particular attribute, you can use the
Help window to find out about the meaning of the attribute, its data type,
and acceptable values. If the attribute is a more complicated type, such as
a cluster, the Help window displays a hierarchical description of the data
structure. The following illustration shows an attribute node and the
corresponding help information displayed as you move the cursor over
different attribute names
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Online Reference

The Help window displays the most commonly required help information
in a condensed format. To access more extensive online information, select
Help»Online Reference For most block diagram objects, you can select
Online Referencefrom the pop-up menu of the object. You also can access
this information by pressing the question mark button shown to the left,
= located at the bottom of the Help window.

See Chapter Rrinting and Documenting VI$or information about
creating your own online help files.
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This chapter describes the basic features of building and using Vs,
including information about palettes and menus. It also describes such

basic tasks as how to create objects, how to change tools, and how to open,
run, and save VIs.

G Environment

You use palettes and menus to build VIs. You can choose objects from
palettes to place on the front panel or the block diagram. These objects can
be moved or modified using the tools or menus.

Note If you are a BridgeVIEW user, make sure your palettes are changed to Basic G.
SelectEdit»Select Palette SetThen, choose thBasic G palette from the palette
set menu.

You create objects on the front panel and block diagram by selecting them
from the floatingControls andFunctions palettes. For example, if you
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want to create a knob on a front panel, select it fronNtimaeric palette
of theControls palette, as shown in the following illustration.
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As you move the selection arrow over an object on the palette, the name of
the object appears at the top of the palette. In the preceding illustration, the
knob is selected. At this point, if you click and move the mouse over the
front panel, a knob appears at the point where you release the mouse.
Alternatively, you can click and release over the object on the palette.
When you move over the front panel you see an outline of the control,
which you can reposition and click to place. You can resize an object at the
same time you create it by clicking and dragging as you place it.

Note If you need several functions from the same palette, you can keep it open. To keep
a palette open, select the pushpin in the top left corner of the palette. When you
have pinned the palette open, it has a titlebar so you can move it around easily.
When you quit your G development environment, the locations of the palettes are
saved and they open in the same locations next time you launch the application.

If you pop up in an empty space in a front panel or block diagram window, a
temporary copy of th€ontrols and Functions palettes appear. If you are using a
small monitor, you can close the floatingontrols and Functions palettes and
create objects with these pop-up palettes instead.

You can position the front panel and block diagram side-by-side or above and
below one another by selecting tAde menu items from th&Vindows menu.
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When you create front panel objects, they appear with a blank label ready
for you to enter the name of the new object. If you want to give the object
a name, type in the name. When you finish entering the name, end text entry
by pressing theEnter> key on thenumerickeypad. If you do not have a
keypad, you can click thenter button in the toolbar, or click anywhere
outside the label.

Note If you do not enter text into the label of a control when you first create it, the label

disappears when you click elsewhere. You can show the label again by popping up
on the control and selectin§how»Label

The following illustration shows an example of the result of popping up on
the control and selectirghow»Label

Woltage (ot
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2.0 5.0

0.0 10.0
& [

When you create an object on the front panel, a corresponding terminal is
created on the block diagram. You use this terminal if you want to read data
from a control or to send data to an indicator.

If you selectWindows»Show Diagram you can see the corresponding
block diagram for the front panel. The block diagram contains terminals for
all front panel controls and indicators.
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Tools Palette
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A tool is a special operating mode of the mouse cursor. You use tools to
define the operation taking place when subsequent mouse clicks are made
on the panel or diagram.

Many of the tools contained in the floatifigols palette are shown in the
following illustration. You can move this palette anywhere you want, or
you can close it temporarily by clicking the close box (the small box with
anx in the top right corner of palettes). Once closed, you can access it again
by selectingVindows»Show Tools PaletteYou also can bring up a
temporary version of th€ools palette at the location of your cursor by
clicking while pressingCtrl-Shift> (Windows); <command-Shift>
(Macintosh); <meta-Shift>  (Sun); or <Alt-Shift> (HP-UX).
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The tools and their functions/descriptions in Tlols palette are as
follows.

% Operating tooChanges the value of a control or selects the text within a
control.

Positioning tool—Positions, resizes, and selects objects.

Labeling tool—Edits text and creates free labels.

N

Wiring tool—Wires objects together in the block diagram.

&

Object Pop-up Menu toelOpens the pop-up menu of an object.

a
M

Scroll tool—Scrolls the window without using the scroll bars.

3

Breakpoint tool—Sets breakpoints on VIs, functions, loops, sequences,
and cases.

@

Probe tool—Creates probes on wires.

3

ﬁ’ Color Copy tool—Copies colors for pasting with the Color tool.

% ‘/ Color tool—Sets foreground and background colors.

Change from one tool to another by doing any of the following while in
edit mode.

»  Click the tool you want in th&€ools palette.

* Use the<Tab> key to move through the most commonly used tools
in sequence.

» Press the spacebar to toggle between the Operating tool and the
Positioning tool when the front panel is active, and between the
Wiring tool and the Positioning tool when the block diagram is active.
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Using Menus

Themenu barat the top of a VI window (or at the top of the Macintosh
screen) contains sevemlll-down menusYou can access pull-down
menus from a menu bar by clicking a menu bar item. The pull-down
menus are usually general in nature and contain items common to other
applications, such &@pen, Save Copy, andPaste and many others
specific to the editor. Some menus also list shortcut key combinations.

The most often used menu is the objamp-up menuAlmost every

G object, as well as empty front panel and block diagram space, has a
context-sensitive pop-up menu with menu items and commands. When
possible it is best to select a command or menu item from an object
pop-up menu.

Pop-Up Menus

As you learned in the previous section, all G objects have associated
pop-up menus. You pop up on an object by clicking the object with the right
mouse button (on the Macintosh, hold down<t@nmand>key while you

click the object with the mouse). You can change the look or behavior of
the object with the menu items in the resulting menu.
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Format & Precizion. ..
Add Meedle

Scale 2

Test Labels
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Selecting Objects

&

Positioning
Tool

© National Instruments Corporation

After you are familiar with editing techniques, see Chaptért&yduction
to Front Panel Objectdpr information on building front panels, and
Chapter 17|ntroduction to the Block Diagranfor help in building block
diagrams.

For many editing operations, such as moving, copying, and deleting, you
mustselectan object.To select an object, make sure you are using the
positioning tool, and click the mouse button when the point of the arrow is
on the object. Once you select an object, it is surrounded with a moving
dashed outline calledraarquee

Frequen:

Not selected

i

i

Selected Feg Enc

To select more than one objecshift> -click each additional object. You
also can deselect a selected object&hift> -clicking it. Another way to
select one or more objects is to drag a selection rectangle around the
object(s), as shown on the right of the following illustration.

Multiple selection Multiple selection
by <Shift>-clicking with selection rectangle
E{>|{§_}I [ ] | St Application Font [+ ] E{>|{s§l [&{n] | St Application Font -]
R
] :
. Frequenc ! .Freguencg- i
1
Iy rra—r— Iy —— i i
iYolkage Int Ialtage Dutl : Yoltage In| Yaltage Dut] |
r n 1
S0} goon i oo | fooo |
1
l :
: 1
____________________________ +
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Hollow objects typically must be enclosed completely by the rectangle to
be selected. Most objects are selected if any part of them is within the
rectangle. By holding down theshift>  key while dragging the selection
rectangle, you can select additional objects or deselect an object enclosed
by the rectangle.

Clicking an unselected object or clicking an open area deselects everything
currently selected. You cannot select a front panel object and a block
diagram object at the same time. However, you can select more than one
object on the same front panel or block diagram.

Dragging and Dropping Vls, Pictures, and Text

You can drag VIs from the file system to a block diagram to create a subVI
call to that VI. This feature also works for custom controls, type definitions,
and globals. In addition, you can drag text and pictures from other
applications to copy them to front panels and block diagrams.

In Windows 3.1, external drag support is limited to dragging VIs and
controls from the File Manager. In Windows 95 and Windows NT, which
have 32-bit object linking and embedding (OLE) support, you can drag text
and pictures from OLE-supporting applications, in addition to dragging
from the File Manager/Explorer.

On the Macintosh, your system must have the Drag Manager to use
external Drag and Drop. The Drag Manager is built into Systems 7.5 and
later. It is also available for System 7.0 up to System 7.5 as an extension
from Apple.

You can use the following Drag and Drop capabilities internally.

« Drag front panel controls and indicators to block diagrams to create
block diagram constants and vice versa.

« Drag asubVIto a path control or constant to drop the full pathname of
the VI inside the control or constant.

You can use the following Drag and Drop capabilities externally (from
other applications).

« Drag a file into a path control or constant to drop its full pathname.

« Drag a datalog file into a Data Log File Refnum to create a cluster
containing the data structure in the datalog file.

« Drag a graphics file into a Pict Ring, front panel, or block diagram to
drop the picture it contains.

« Drag a VI file into the block diagram of a VI to drop it as a subVI.
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» Drag a custom control file into the front panel to drop the custom
control stored in that file.

*  (Windows 95/NT) Drag Text from an OLE source to drop its text into a
string control or constant, front panel, block diagram, or label.

* (Windows 95/NT) Drag Image from an OLE source to drop its picture
into a picture ring, front panel, or block diagram.

*  (Macintosh) Drag a Text Clipping or text selected from any application
to drop that text into a string control or constant, front panel, block
diagram, or label.

*  (Macintosh) Drag an Image clipping or an image selected from another
application to drop it into a picture ring, front panel, or block diagram.

If you can drop an object successfully, the destination is highlighted.

For more information on Drag and Drop features, see your Windows or
Macintosh system manual.

Positioning Objects

I

Note

You can position an object by clicking it with tResitioningtool and then
dragging it to the location you want.

If you hold down the<Shift>  key and then drag an object, the action
restricts the direction of movement horizontally or vertically, depending on
which direction you first move the object.

You can move selected objects in small, precise increments by pressing the
appropriate arrow key on the keyboard once for each pixel you want the
objects to move. Hold down an arrow key to repeat the action. Hold down
the<Shift> key along with an arrow key to move the object more rapidly.

If you change your mind about moving an object while you are dragging,
continue to drag until the cursor is outside all open windows and the dotted
outline disappears, then release the mouse button. This cancels the move
operation, and the object remains where it was. If your screen is cluttered,
the menu bar is a convenient and safe place to release the mouse button
when you want to cancel a move.

The positioning tool also enlarges objects. Use caution when clicking to make sure
this does not happen. Move an object from the center; enlarge it from the corners.
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Reorder

You also can place objects on top of other objects. There are several
@ commands to move them relative to each othBearder, on the far right
of the tool bar across the top of the Front Panel. For example, assume you

have three objects stacked on top of each other. Object 1 is on the bottom
of the stack, and object 3 is on top.

Move To Front moves the selected object in the stack to the top. If object 1
is selected, object 1 moves to the top of the stack, with object 3 under it,
and object 2 on the bottom.

If object 2 is selected nextjove To Front changes the order to object 2
on top, object 1 under it, and object 3 on the bottom.

Move Forward moves the selected object one position higher in the stack.
Starting with the original order of object 1 on the bottom of the stack and

object 3 on top, selecting this item for object 1 puts object 2 on the bottom,
object 3 on the top, and object 1 in the middle.

G Programming Reference Manual 2-10 © National Instruments Corporation



Aligning Objects

II I
by

Chapter 2 Editing VIs

Move To BackandMove Backward work similarly toMove To Front
andMove Forward except they move items down the stack rather than up.

Select the objects you want to align and choose the axis along which you
want to align them from thalign Objects ring, as shown at left. The
following illustration shows you how to select objects for alignment and
the results of the selection.

Selecting objects for alignment by left edges:

(2] 3] (3ot Anplication Fon]

o

HA
@
o}

Freguen

|

o
7]

Results:

d>|{§_}| < | 96t Application Fonl =] [3=l=]

You can align an object along the vertical axis using its left, center, or
right edge. You also can align an object along a horizontal axis using its
top, center, or bottom edge. Your selection becomes the current alignment
option, indicated by a dark border around the item in the palette. On the
Macintosh platformgcommand-A> repeats this alignment selection

without using the menu.
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Distributing Objects

I.’ﬁ: vI

To space objects evenly, or distribute them, select the objects you want
to distribute and choose how you want to distribute them from the
Distribute Objects ring. In addition to distributing selected objects by
making their edges or centers equidistant, four menu items at the right side
of the ring let you add or delete gaps between the objects, horizontally or
vertically. On the Macintosh platforragcommand-D> repeats the

distribution on any selection.

Duplicating Objects

There are three basic methods for duplicating an cbjégt copying and
pasting, by cloning, and by dragging and dropping.

To copy and paste within a VI or between Vs, select the object with the
Positioning tool and choogedit»Cut or Edit»Copy. Then, click the area

in which you want to place the duplicate and chdedé»Paste You can
duplicate several objects at the same time by dragging a selection marquee
around the objects before duplicating them. You also can copy text or
pictures from other applications and paste them into your front panel or
block diagram.

To clone an object, click the Positioning tool on it while pressing the
<Ctrl> (Windows); <option> (Macintosh); <meta> (Sun); or <Alt>
(HP-UX) key, and drag the copy to its new location. In UNIX, you also
can clone objects by clicking and dragging the middle mouse button
without modifier keys.

When you clone or copy objects that have labels, G-language software
designates the copies with the same name as the original object with the
word copyappended (ocopy 1 copy 2 etc. for copies of copies).

If you copy a front panel control, a new terminal is created on the diagram.
Notice that local variables and attribute nodes for the original control are
not copied. When you ugsdit»Copy or Edit»Pasteon a local variable,

the front panel object is copied as well. If you clone a local variable, a new
reference to the original control is created. For more information see
Chapter 22Attribute Nodesand Chapter 23%;lobal and Local Variables

in this manual.

You can copy, clone, or drag and drop front-panel controls to any diagram
to make a corresponding constant. In the same way, you can drag
user-defined constants from the block diagram to the front panel to create
controls.
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Deleting Objects

To delete an object, select the object and chad#eClear or press
the<Backspace> key or the<Delete> key. You only can delete block
diagram terminals by deleting the corresponding front panel controls
or indicators.

Although you can delete most objects, you cannot delete parts of a control
or indicator such as labels or digital displays. However, you can hide these
components by deselectiSiow»Labelor Show»Digital Displayfrom

the pop-up menu of the object.

If you delete a structure such as a While Loop, the contents are deleted as
well. If you want to delete only the structure but preserve its contents, pop
up on the edge of the structure and sdRerhove While Loop(or other
structure name). This action deletes the structure but not its contents, and
automatically reconnects any wires crossing the border of the structure.

Labeling Objects

Labels are blocks of text that annotate components of front panels and
block diagrams. There are two kinds of labelswnedlabels andree

labels. Owned labels belong to and move with a particular object and
annotate that object only. You can hide these labels, but you cannot copy
or delete them independently of their owners. Free labels are not attached
to any object, and you can create, move, or dispose of them independently.
Use them to annotate your front panels and block diagrams. You use the
- Labeling tool, whose cursor is the I-beam and box cursor, to create free
Ai labels or to edit either type of label.

Front Panel Caption Labels

Every front panel object has a name associated with it. This can be used
to distinguish it from other objects. The name also is used on the terminal,
local variables, and attribute nodes of the object.

If the object is a control, the text of the label names the wire to which the
control is connected on the block diagram. If the object is an indicator and
itis connected to the connector pane, the label names wires connected to its
connector-pane terminal on block diagrams of the VI callers. This means
that when the text of the name label changes, LabVIEW must recompile the
VI and possibly recompile the VI callers as well.
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Front panel objects also can have caption labels. The caption does not affect
the name of the object and you can use it as a more descriptive object name.
You also can show, hide, and change the caption programmatically through
attribute nodes. Changes to the caption do not cause the VI or its callers to
be recompiled.

Label
Flease enter your name

name| é RN Caption

Figure 2-1. Front Panel Label Dialog Box

The label is displayed when you drop a front panel object. To access the
caption while you are editing the object, pop up on the object and select
Show»Captionas shown in the following illustration.

ﬂ Change to Indicator

Synchronous Dizplay
Find Terminal

o Label

Data Operationz  k

Create 3 S erolloar
K.ey Mavigation...
Feplace 2

Figure 2-2. Pop-Up Menu in a Label

If you want to show, hide, or change the caption programmatically, use an
attribute node with the attributes shown in the figure below.

| E—]
*Caption Wigible

Figure 2-3. Attribute Node Showing Caption Attributes

When you view the help window for the object (by selectetp»Show
Help), the front panel object caption appears in a box and its label appears
below in brackets, as shown in the following illustration.
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v

Help =]

Flease enter your name|

[name]
Enter the name of the

operatar that contrals the
Experment.

=|&]7] ¢ iy

Figure 2-4. Context-Sensitive Help Dialog Box

Free Labels

To create a free label, select the Labeling tool fronTti@s palette and
click any open area.

234 | 9pt Application Fon [ =] [32l-]

A small box appears with a text cursor at the left margin ready to accept
typed input. Type the text you want to appear in the label. Udenties
button on the toolbar or numeric keypad to complete the edit operation.

] [ =] (] [amt Avplication Fon[] [F=-]

hodel 704 Meter]

You also can end text entry by clicking anywhere outside the label. If you
do not type any text in the label, the label disappears as soon as you click
any other area.
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Note If you place a label or any other object over (partially covering) a control or
indicator, it slows down screen updates and might make the control or indicator
flicker. To avoid this problem, do not overlap a front panel object with a label or
other object.

You can copy the text of a label by selecting it with the Labeling tool.
Double-click the text with the Labeling tool to select by words. Triple-click
the text to highlight the entire label.When the text is selected, choose
Edit»Copy to copy the text onto the Clipboard. Now you can highlight the
text of a second label. Seldadit»Pasteto replace the highlighted text in
the second label with the text from the Clipboard. To create a new label
with the text from the Clipboard, click the screen with the Labeling tool
where you want the new label positioned. Then, s&ditbPaste

When you create a control or indicator on the front panel, a blank, owned
label accompanies it, waiting for you to type the name of the new control
or indicator. The label disappears if you do not enter text into it before
clicking another area with the mouse. You can show the label again by
popping up on the control or indicator and selecBhgw»Label

Structures and functions come with a default label, which is hidden until
you show it.

To display a hidden label, pop up on the object and selemt/»Label
from the pop-up menu, as shown in the following illustration.

0.00

Change to Indicatar
Synchronous Dizplay
Fird Terminal

Data Operations k Caption
Create b Irit Label
K.ey Mavigation... R adix
Feplace 3

Representation 3
Data Range...
Farmat & Precizion. ..

The label appears, waiting for typed input. The label disappears if you do
not enter text into it before clicking outside the label.

G Programming Reference Manual 2-16 © National Instruments Corporation



Chapter 2 Editing VIs

Note On the block diagram, subVIs do not have labels you can edit. The label of a subVI
always shows its name. Function labels, on the other hand, can be edited to reflect
the use of the function in the block diagram. For example, you can use the label
of an Add function to document what quantities are being added, or why they are
being added at that point in the block diagram. See the note inGheating VI
Descriptionssection in this chapter for related information.

Text Characteristics

You can change text attributes by using the menu items froFothteing

on the toolbar, as shown in the following illustration. If you select objects
or text and make a selection from this ring, the changes apply to everything
selected. If nothing is selected, the changes apply to the default font,
meaning new labels use the new default font. Changing the default font
does not change the font of existing labels; it only affects labels created
from that point on.

D& @] 2] fedm]el[ Font Dialog... %0
- |+ Application Font #1
System Font ®2
Dialog Font 3
« Current Font #d
Size ]
Style L
diniify B
Color ]
AGaramond
AGaramond Bold
AGaramond Boldltalic
AGaramond Italic
AGaramond Semibold
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If you selectFont Dialog... from the font ring while a front panel is active,
the dialog box shown in the following illustration appears. If a block
diagram is active instead, the dialog box differs only in the selection of
Diagram Defaultinstead oPanel Defaultin the checkboxes at the bottom
of the dialog box.

Panel Default Font

Font | Application v | B<] Prain
e
Sizo EI E | [ talic
D UnderTine
Align | Left w| [ strikeout
[ outline
Color | | |:| Shadow

The quick brown fox jurmnps owver the lazy dog.

E Panel Default 0K C |
D Cviagrarn Default Q ance

With either thePanel Defaultor Diagram Default checkbox selected, the
other selections you make in this dialog box are used with new labels on the
front panel or block diagram.

In the previous illustration, the woApplication appears in the Font ring.
This ring also contains tHgystem Font Dialog Font, andCurrent Font
menu items. The last item in the ri@yrrent Font, refers to the last font
style selected.

The Application, System, and Dialog fonts are used for specific portions

of the interface. These fonts are predefined so that they map best between
platforms. When you take a VI that contains one of these fonts to another
platform, the fonts map as closely as possible.

The predefined fonts are as follows.

e Application font is the most commonly useéefaultfont. It is used for
theControls palette, thé-unctions palette, and text in new controls.

e System font is the font used for menus.
« Dialog font is the font used for text in dialog boxes.
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If you click the Panel Defaultard Diagram Default checkboxesthe
selected font becomes the currimit for the front panel, th block
diagram or both The current font is used on new labels. You cathes
checkloxes to set diffeent fontsfor the front panel andblock diagram. For
example, you can have a small font on the block diagral a large one
on thefront pané.

For information on portdhty issues regardgthe three typesf fonts, see
theResolution ad Font Differences sectionin Chapte 29, Portability and
Localization Issue For information on chaging the defaults fa the three
categories bfonts, see thFont Prefeencessection in Chapter,
Customizingvour Environment

The Font ring also ha&ize Style, Justify, and Color menu items, as
shawn in the following illugration.

3| FontDialog.. Cirl+0 |-0al=]
Application Fort— Ctrl+1
Swetem Fant Ctrl+2
Dialog Font Ctrl+3
¥ Current Font Crl+4
» 16
Style b 20
Justify r 25
Colar b 24
36
Algerian 1]
Arial
Arnal Black Smaller  Cirl+-
Avrial Narra Larger  Cirl+=
Arial Rounded MT Bold
Book Antiqua

Font selectionsnade fom any of these sufienus apply t@bjects you
select. For exampléf you select a nefiont while yar have a knob and a
graph seleted, tre labels, scalesand digital displayall change to thnew
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font. The following illustration shows a numeric and a Boolean control
being changed from the current font to the System font.

stop button

I
I
:
[ =TOP
I
I

Diagram Default Font m

Fant | Systern L~ Flain

[ Bold
size [+] O alic

] Underline
Align | Left =] [ Strikeout

Qutline

Cl
Coor NN ..

[The guick brown fox jumps ower the lazy dog.

ClPanel Default

Diagrarm Default ok I | Cancel
Fe———————————— hl | ________________ .:
1 I I
\|\mumber | 1 | stap Gotton |

1

I [a] | | |
| 208 L TP !
1 I I |
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G preserves as many font attributes as possible when you make a change.
If you change several objects to Courier font, the objects retain their size
and styles if possible. In the same way, changing the size of multiple text
selections does not cause the selections to have the same font. These rules
do not apply if you select one of the predefined fonts, the current font, or
when you use the Font dialog box, which changes the selected objects to
the selected font and set of attributes.

When working with objects like slides, which have multiple pieces of text,
remember that text selections affect the objects or currently selected text.
For example, if you select the entire slide while selediolgl, the scale,
digital display, and label all change to a bold font. If you select only the
label while selectin@old, only the label changes to bold. If you select text
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from a scale marker while selectiBgld, all the markers change to bold.
These three types of changes are shown in the following illustration.

Size [
duntify
Color k| Italic
Underline

AGaramond Outline
AGaramond Bold Strikeout
Rl 10.0-2
g ) e B |
| B0- -

1 ’

| 6.0- 6.0-

| 40— 4.0-

|

I 2.0- 2.0-

|

1 00-3 0.0-=

10.0-5 sTide] 1nn—é-m
|-z S - o
6.0- > 60—

4.0- 4.0-

2.0- Z0-

0.0-%= 00-=

. A

ol ] 2 R |- e
6.0- > 6.0-

4.0- 4.0-

2.0- 2.0-

0.0-k 0.0 -
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Resizing Objects

You can change the size of most objects. When you move the Positioning
tool over a resizable object, resizing handles appear at the corners of a
rectangular object, and resizing circles appear on a circular object, as
shown in the following illustration.

Resize a circular object by pulling the circles with the cursor. Similarly,
you resize a rectangular object by pulling the handles on the corners.

When you pass the tool over a resizing handle, the Positioning tool changes
to theResizingcursor. Click and drag this cursor until the dashed border
outlines the size you want, as shown in the following illustration.

|n:u:-mmanu:| 5tr‘ing| |n:u:-mmanu:| 5tr‘ing|

&TT; TRI; FRa40; Ly F
I

r

To cancel a resizing operation, continue dragging the frame corner outside
the window until the dotted frame disappears. Then release the mouse
button. The object maintains its original size.

Some objects only change size horizontally or vertically, or keep the same
proportions when you resize it, such as a knob. The resizing cursor appears
the same but the dotted resize outline moves in only one direction. To
restrict the growth of any object vertically or horizontally, or to maintain

the current proportions of the object, hold down<48hift> key as you

click the object and drag it.
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Coloring Objects

h’

Labels

You resize labels as you do other objects, using the resizing cursor. Labels
normally autosize which means the box automatically resizes to contain
the text you enter. Label text remains on one line unless you enter a carriage
return or resize the label box. Cho&ee to Textfrom the label pop-up

menu to toggle autosizing on or off.

Adding Work Space
To insert additional work space to your front panel or block diagram,
first <Ctrl-click> (Windows); <option-click> (Macintosh);

<meta-click>  (Sun); <Alt-click> (HP-UX), and then drag out a region
with the Positioning tool. On the UNIX platform, you can use the middle
mouse button to drag out a region without pressing any modifier keys.
After clicking, you see a rectangle marked by a dotted line, which defines
your new space.

Your G development environment appears on the screen in black and
white, shades of gray, or color depending on the capability of your monitor.
You can change the color of many G objects, but not all of them. For
example, block diagram terminals of front panel objects and wires use color
codes for the type and representation of data they carry, so you cannot
change them. You cannot change colors in black-and-white mode.

To change the color of an object or the background of a window, pop up
on it with the Color tool from the Tools palette, as shown at the left. The
following palette appears in color.

OO0O0000000O0000000000000
Foreground: Background: More...

All for both Other keys toggle
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As you move through the palette while pressing the mouse button, the
object or background you are coloring redraws with the color the cursor
currently is touching. This gives you a preview of the object in the new
color. If you release the mouse button on a color, the object retains the
selected color. To cancel the coloring operation, move the cursor out of
the palette before releasing the mouse button.

If you select the box with a T in it, the object becomes transparent.
With this feature, you can layer objects. For example, you can place
invisible controls on top of indicators, or you can create numeric controls
without the standard three-dimensional container. Transparency affects
only the appearance of an object. The object responds to mouse and key
operations as usual.

Some objects have both a foreground and a background you can color
separately. The foreground color of a knob, for example, is the main dial
area, and the background color is the base color of the raised edge. The
display at the bottom of the color selection box indicates if you are coloring
the foreground, the background, or both. A black border around the color
indicator for foreground or background indicates what is selected. In the
default setting, both the foreground and the background are selected.

To change between foreground and background, you cangfsessr
foregroundand<b> for background Pressingca> for all selects both
foreground and background. Pressing any other key also toggles the
selection between foreground and background.

Selecting theMore... menu item from the Color palette accesses a dialog
box with which you can customize the colors. Mare Colors dialog box
is shown in the following illustration.

More Colors [ X |

Foreground:

Red Green Blue

Ok, I | Cancel |
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Each of the three color components, red, green, and blue, describes
eight bits of a 24-bit color. Therefore, each component has a range of

0 to 255. To change the value of a color component, you can double-click
the display of that color and enter the new value. To alter one of the base
colors, click the color rectangle and choose one of the selections. The
component values for the selected color appear in each display.

The last color you select from the palette becomes the current color.
Clicking an object with the Color tool sets that object to the current color.

You also can copy the color of one object and transfer it to a second
object without using th€olor palette. Click<Ctrl-click> (Windows);
<command-click>  (Macintosh); <meta-click>  (Sun); or <Alt-click>

(HP-UX) with the Color tool on the object whose color you want to duplicate.
The Color tool appears as a dropper and takes on the color of the selected
object. Now, you can click another object with the Color tool, and that
object takes on the color you just chose.

In addition to<Ctrl-Z>  (or <Cmd-Z> on the Macintosh) foundo and
<Ctrl-Shift-z> (or<Cmd-Shift-z>  on the Macintosh) foRedq, you

also can set the number of actions to be undone or redone, as well as
automatically update VI callers when the VI changes interface. Refer to the
Undo section inChapter 7Customizing Your Environmeiioy more
information
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Creating Object Descriptions

If you want to enter a description of a G object, such as a control or
indicator, choos®ata OperationssDescription... from the object’s
pop-up menu. You must be in edit mode to edit a description. Enter the
description in the dialog box, shown in the following illustration, and click
OK to save it. This description appears when you subsequently choose
Description... from the pop-up menu for the object.

Description

Description

Ambient temperature during calibration

[ 114 ] [ Cancel ]

The description of the object also appears in the Help window when you
place the cursor over the object. The best way to set up help for the Vs you
create is to enter descriptions for all your controls and indicators.

Note You cannot edit subVI descriptions from the calling VI diagram. You can edit a
VI description through theWindows»Show VI Info... menu item when the front

panel of the VI is open.
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Creating VI Descriptions

SelectingWindows»Show VI Info... displays the information dialog box
for the current VI. You can use the information dialog box to perform the
following functions, as shown in the following illustration.

Mame:  add & subtract i

! VI Information E

Locking and Password Status:
Path: C:hadd & subtract.wi ™+ Unlocked [no password)
i~ Locked [ho password)
¥~ Password-protected

Current Revision: 2

Description;

~Memary Uzage:

| e

Resources: 232K Frant Panel: 2.8K
Block Diagram: E.0K
Code: 8.8k
Data: 1.9K
Total: ~13.5K

ak. | Cancel |

G Programming Reference Manual

Enter a description of the VI. The description window has a scrollbar
for editing or viewing lengthy descriptions.

Lock or unlock the VI. You can execute but not edit a locked VI.

Password protect the VI. See ChapterNa@naging Your
Applications for more information on password protection.

View the current revision number.
View the path of the VI.

View how much memory the VI uses. Tiemory Usageportion of

the information box displays the disk and system memory used by the
VI. (This figure only applies to the amount of memory the VI is using
and does not reflect the memory used by any of its subVIs.)
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The memory usage is divided into space required for the front panel
and the block diagram, VI code, and data space. The memory usage
can vary widely, especially as you edit and execute the VI. The block
diagram usually requires the most memory. When you are not editing
the diagram, save the VI and close the block diagram to free space for
more VIs. Saving and closing subVI front panels also frees memory.

Saving Vls

You can save VIs as individual files, or you can group several VlIs together
and save them in a VI library.

Individual VI Files

Five items in thé-ile menu concern saving your VIs as individual files.

Save Chil+5
Save bz

Save & Copy Az,

Save with Options. .
Bewvert...

Select theSaveitem to save changes to an existing VI in its current disk
location. If the VI is new, a file dialog box appears for you to name the VI
and specify its location.

If you want to save a VI with a new name, you can3epee As.., Save a
Copy As..., or Save with Options...from theFile menu.

When you select thBave As...menu item, a copy of the VI in memory

is saved to disk with the name you choose. After the save is finished, the
VIin memory points to the new version. In addition, all callers to the old
VI in memory now refer to the new VI. If you enter a new name for the VI,
the disk version of the original VI is not overwritten or deleted.

When you selectave A Copy As.., a copy of the VI in memory is saved
to disk with the name you enter. This does not affect the name of the VI in
memory.

Save with Options...brings up a dialog box in which you can choose to
save an entire VI hierarchy to disk, optionally saving VIs with passwords
or without their block diagrams. This is useful when you are distributing
VIs or making backup copies.
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EE Save with Options E
e FJSH Changed s Save Options far:
Untitled 1
rSelected Options
[l Development
Distlibuﬂnn |To current lacatior[] - ho prompts =

P 5 Application
& Distribution

P Cusztom Save

s Mo password change

" Remove pazswonds

P Template 7~ fipply new password
L "~ Remove diagrams

Save I Canhicel I

See Chapter 2Rjanaging Your Applicationgor information on using this
menu item.

é Caution  You cannot edit a VI after you save it without a block diagram. Always make a copy
of the original VI.

You can use thEile»Revert... menu item to return to the last saved
version of the VI you are working on. A dialog box appears to confirm
whether to discard all changes made to the VI.

VIs modified since they were last saved are marked with an asterisk in their
tittebars and in the list of open VIs displayed inWimdows menu. When
you save a VI, the asterisk disappears until you make a new change.

See Chapter 2Managing Your Applicationdor information on saving
backup copies.

A Caution Do not save your Vis in theilib  directory found in yourLabVIEW or
BridgeVIEW directory. National Instruments updates this directory as needed
during new version releases of LabVIEW and BridgeVIEW. Placing VIs in
vilib  risks creating a conflict during future installations. If you want your Vs
to show up in thé=unctions palette, see th€ustomizing the Controls and
Functions Palettesection inChapter 7Customizing Your Environmeribr more
information.
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You can group several Vis together and save them as a VI library.
However, unless you have a good reason for saving them as libraries, it
is preferable to save them as individual files, organized in directories.
Read the following lists before deciding to save Vls in a library.

Reasons for you to save VIs as libraries.

If you are using Microsoft Windows 3.1 or plan to transfer your files

to Windows 3.1, saving VIs in librariedllf files) enables you to use

up to 255 characters to name your files. Other operating systems have
long filename support (31 characters on the Macintosh, 255 characters
on Windows 95/NT, and UNIX systems.)

If you are going to transfer Vis to other platforms, transferring a
VI library might be easier than transferring multiple individual Vis.

If disk space is an important issue, you can save your files within
VI libraries, because they are compressed, slightly reducing disk
space requirements for VIs.

Reasons for you to save Vls as individual files.

If you store your VIs as individual files, you can use the file system to
manage them (copying, moving, renaming, backing up, managing
source code).

You cannot have hierarchy within a VI libraryV1 libraries cannot
contain subdirectories or folders.

Loading and saving files are faster from the file system than from VI
libraries. Less disk space is required for temporary files during the load
and save processes.

Storing VIs and controls in individual files is more robust than storing
your entire project in the same file.

VI Libraries are not compatible with the source code controls in the
Professional Developer Toolkit.

Note Many of the VIs shipped with G-language software (LabVIEW and BridgeVIEW)
are stored in VI libraries. This makes for consistent storage locations on all

platforms.

© National Instruments Corporation
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Creating VI Libraries
To create a VI library, take the following steps.
1. SelectSave as...or Save a Copy As..from theFile menu.

2. (Macintosh) If you configure througtPreferences»Miscellaneouto
use native file dialog boxes, clitkse LLBsin the dialog box that
appears.

3. Inthe dialog box appearing after step 1 or step 2, clicki¢ve...
or theNew VI Library button.

4. Inthe dialog box that appears, enter the name of the new library and
click theVI Library button. G-language software addslén
extension to the name of the library automatically, if you do not.

5. Adialog box appears, ready for you to name your VI if you wish, and
save it in the new library.

Saving in Existing VI Libraries

You can save new Vls in a VI library just as if it were a directory.

After selecting one of the Save menu items fromAitemenu, the

name of your library file, with thdlb  extension, appeatrs in the file
dialog box. (Macintosh users using the native file dialog box must
press thaJse LLBs button first, before selecting a VI library.) When you
double-click the name of the library file or pre@pen, the dialog box
presents an item so you can save the file in the library.

Editing the Contents of Libraries

You can remove a file from a VI library using thigee»Edit VI Library...

menu item. When the Edit VI Library dialog box appears, you also can
mark files asTop Level. This has two uses. First, when you create an
application using the application builder libraries, Ttog Level setting
indicates which VIs open automatically when you run the application.
Second, if you double-click a specific library from the file system on
Windows or Macintosh, or if you launch your G development environment
with a library name specified on a command line under Windows or UNIX,
G opens all top level VIs automatically.

Top-level Vis are also separated by a dividing line from all other Vis in the
library when viewing thello  contents in a file dialog.
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This chapter describes the concept of hierarchical design in G applications
and explains two methods of creating subVIs. The chapter also describes
two utilities—the Hierarchy window, which displays the hierarchy of your
VIs, and the Find utility, which finds occurrences of subVls, as well as
other objects or strings of text that you indicate.

Hierarchical Design

One of the keys to creating G applications is understanding and using the
hierarchical nature of a VI. After you create a VI, you can use it as a subVI
in the block diagram of a higher level VI. Therefore, a subVI is analogous
to a subroutine in C. Just as there is no limit to the number of subroutines
you can use in a C program, there is no limit to the number of subVIs you
can use in a G program. You also can call a subVI inside another subVI.

When creating an application, you start at the top-level VI and define the
inputs and outputs for the application. Then, you use other Vs as subVIs
to perform the necessary operations on the data as it flows through the
block diagram. If a block diagram has a large number of icons, you can
group them into a lower-level VI to maintain the simplicity of the block
diagram. This modular approach makes applications easy to debug,
understand, and maintain.

You can create a subVI from a VI, or you can create a subVI from a
selection (portion) of a VI. Both methods are described in this chapter.

Creating SubVls from Vis

Theiconof a VIl is its graphical symbol. Thmnnectorof a VI assigns
controls and indicators to input and output terminals. If you want to call
your VI from the block diagram of another VI, first create an icon and
connector for it. This section explains how to create and edit a VI icon and
connector.
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Creating the Icon

To create an icon, either double-click the icon in the top-right corner of the
front panel, or pop up on the icon and sel&dit Icon..., as shown in the
following illustration.

Wl Setup...

Show Connectaor

Sdd ermiral

Hemawe lemital
Eattermns b
Hatate Hil[Veqrees

EliE Harrzartal

EliE Y ertical

[iEeanmnest &l Terminals

[Necomnest [k Termimal
e Eanrestian (& b

After you selectdit Icon..., the Icon Editor appears.

EE Icon Editor
File Edit Help
B & Copy fram:
E
16 Colors

[~ Show Terminals

256 Colors oK |

Caticel |

Use the tools to the left of the window, shown in the preceding illustration,
to create the icon design in the fat-pixel editing area. The normal-size
image of the icon appears in the appropriate box to the right of the
editing area.
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Depending on the type of monitor you are using, you can design a separate
icon for display in monochrome, 16-color, and 256-color mode. You design
and save each icon version separately. The editor defatladio &

White, but you can click one of the other color menu items to switch. You
can copy from a color icon to a black-and-white icon, and from black and
white to color as well, by using ti@opy from menu items at the right of

the Icon Editor.

Note It is best to create at least a black-and-white icon. If you design a color icon only,
it does not show up if you add it to tir@inctions palette. Also, it cannot be printed
and it does not show up on a black-and-white monitor. In these cases, if a VI does
not have a black-and-white icon, the software uses the blank icon. For more
information, see theCustomizing the Controls and Functions Paleffestion in
Chapter 7Customizing Your Environment

The tool icons to the left of the editing area perform the following
functions.

‘? pencil—Draws and erases pixel by pixel. Use Hishift>  key to restrict
drawing to horizontal and vertical lines.

line—Draws straight lines. Use thsshift>  key to restrict drawing to
horizontal, vertical, and diagonal lines.

dropper—Selects a color to be the foreground color from an element in the
icon. Use thesshift>  key to select the background color with the dropper.

fill bucket—Fills an outlined area with the foreground color.

rectangle—Draws a rectangular border in the foreground color.
Double-click this tool to frame the icon in the foreground color. Use the
<Shift> key to constrain the rectangle to be a square.

O 1&] I8 I

filled rectangle—Draws a rectangle bordered with the foreground color and
filled with the background color. Double-click to frame the icon in the
foreground color and fill it with the background color. Use<8hift>

key to constrain the rectangle to a square.

= select—Selects an area of the icon for moving, copying, or deleting.

i Double-click to select the entire icon. Pressing<tbelete> key erases
the selected portion of the icon. Use #shift>  key to constrain the
rectangle to a square.
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A text—Enters text into the icon. Double-click this tool icon to select a
different font. Use the cursor keys to move text around the icon.

foreground/background-Displays the current foreground and background
El colors. Click each to get a palette from which you can choose new colors.

Holding down the<Ctrl> (Windows); <option> (Macintosh); <meta>
(Sun); or<Alt> (HP-UX) key temporarily changes all of the tools to the
dropper.

The buttons to the right of the editing screen perform the following
functions when you click them.

OK—Saves your drawing as the VI icon and returns to the front panel.
Cancel—Returns to the front panel without saving any changes.

Note You can use th&dit menu to cut, copy and paste images from and to the icon.
When you paste an image and a portion of the icon is selected, the image is resized
to fit into the selection.

Defining Connector Terminal Patterns

You send data to and receive data from a subVI through the terminals in
its connector pane. You define connections by choosing the number of
terminals you want for the VI and by assigning a front panel control or
indicator to each of those terminals. Only the controls and indicators you
use programmatically by wiring to the subVI require terminals on the
connector pane.

If the connector for your VI is not displayed already in the upper right
corner of the front panel, chooSaow Connectorfrom the icon pane
pop-up menu, as shown in the following illustration. The block diagram
does not have a connector pane.
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Hh
Wl Setup...
Edit lzor....

Show Cannectar

Ldd Nermimal

Hemawe ermitEl
Eatterms b
Hatate Hil [Mearees

HliE Hiareartal

Elip Y ertical

[Eeanmest sl Terminals

[Necomnest [ Temimsl
e Eamnectian (& b

The connector replaces the icon in the upper right corner of the front panel.
The initial selection is a terminal pattern with as many terminals on the left
of the connector pane as controls on the front panel, and as many terminals
on the right of the connector pane as indicators on the front panel. If this is
not possible, the software selects the closest match.

Each of the rectangles on the connector represents a terminal area, and you
can use them either for input to or output from the VI. If you want to use a
different terminal pattern for your VI, you can select a different pattern.

© National Instruments Corporation 3-5 G Programming Reference Manual



Chapter 3 Using SubVls

Selecting and Modifying Terminal Patterns

To select a different terminal pattern for your VI, pop up on the connector
and choos@atterns from the pop-up menu.

Yl Setup...
Edit [zon...
Show [can

Add Terminal
Femove Terminal

Fiotate 90 Degrees
Flip Honzontal

Flip*ertical ||
Digconnect All Terminals

|
H H[1[]

DHHH AN

[ezommest T Temima | =
(s Eannestian (& b

|
O HHH

A solid border highlights the pattern currently associated with your icon.
To change the pattern, choose a new one.

If you want to add a terminal to the pattern, place the cursor where the
terminal is to be added, pop up, and sefeit Terminal .

If you want to remove an existing terminal from the pattern, pop up on the
terminal and seledemove Terminal

If you want to change the spatial arrangement of the connector terminal
patterns, choose one of the following commands from the connector pane
pop-up menuFlip Horizontal , Flip Vertical , or Rotate 90 Degrees
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Assigning Terminals to Controls and Indicators

After you decide which terminal pattern to use for your connector, you
must then assign front panel controls and indicators to the terminals.
Follow these steps.

1. Click a terminal of the connector. The tool automatically changes

to the Wiring tool. The terminal turns black.

Untitled 1

@ﬁl @ | | 9 : Application Font - :m %ﬁ

Hits |M Eiats| |Eiatting .ﬁ.verage|
000 Hooo | oo |

Click the front panel control or indicator you want to assign to the
selected terminal. A marquee frames the selected control.

2.

Untitled 1
&@ @] || 2 : Apptication Font || H7

Eatting Aver’agel

© National Instruments Corporation 3-7 G Programming Reference Manual



Chapter 3

Note

Using SubVls

3. Position the cursor in an open area of the front panel and click it. The
marquee disappears and the selected terminal takes on the data color of
the connected control, indicating the terminal is assigned.

Untitled 1
li@l @ 1] | 9 : Application Font
Hits |M Bat5| |E=att1'ng .ﬁ.veragel ]
0.00 Hooo ]| [ooo

If the connector terminal turns white, a connection was not made. Repeat
steps 1 through 3 until the connector terminal takes on the proper data color.

Although you use the Wiring tool to assign terminals on the connector to front
panel controls and indicators, no wires are drawn between the connector and
these controls and indicators.

4. Repeat steps 1 and 2 for each control and indicator you want to
connect.

You also can select the control or indicator first, and then select the
terminal. You can choose a pattern with more terminals than you need.
You can leave some extra terminals unconnected if you anticipate making
changes to the VI in the future that require a new input or output. Having
the extra connections available means that the new input or output does not
affect other VIs that already are using this VI as a subVI. Unassigned
terminals do not affect the operation of the VI. You also can have more front
panel controls than terminals.

The connector pane has, at most, 28 terminals. If your front panel
contains more than 28 controls and indicators that you want to use
programmatically, group some of them into a cluster and assign the cluster
to a terminal on the connector. For more information se€liers

section in Chapter 14rray and Cluster Controls and Indicators
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Required, Recommended, and Optional Connections for SubVls

G has a feature that can keep you from forgetting to wire subVI
connections—indications of required, recommended, and optional
connections in the connector pane and the same indications in the
Help window.

Inputs and outputs of VIs that comeviib  are premarked d&equired,
Recommended or Optional. G sets inputs and outputs of VIs you create
to Recommendedby default.

When an input is marked &equired, you cannot run the VI as a subVI
without wiring it correctly. When an input or output is marked as
recommended, you can run the VI, but the Error List window lists a
warning if warnings are enabled.

To see whether connections &equired, Recommended or Optional,

or to mark them as one of these states, click a terminal in the connector
pane and select a menu item from Tinés Connection Issubmenu.

A checkmark indicates its status, as shown in the following illustration.

Wl Setup...
Edit lzor....
Show lcon

Add Terminal

Remowve Terminal
Patternz 3
Faotate 90 Degrees

Flip Harizontal

Flip " ertical

Dizconnect Al Terminals

Dizconnect This Terminal
Thiz Connectian |z

Recammended
Optional

In the Help windowRequired connections appear in boRecommended
connections are in plain text, a@gtional connections are in grayed-out
text.
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Deleting Terminal Connections

You can delete connections between terminals and their corresponding
controls or indicators individually or all at once. To delete a particular
connection, pop up on the terminal you want to disconnect on the connector
and choos®isconnect This Terminalfrom the pop-up menu, as shown in

the following illustration.

W Setup...
Edit lcan...
Show |zan

Add Terminal

Remowve Terminal

P atternz 2
Faotate 90 Degrees

Flip Harizontal

Flip *ertical

Digoonnect Al Terminalz

Digconnect Thiz Terminal

T hiz Connection |z 2

The terminal turns white, indicating the selected connection no longer
exists. To delete all connections on the connector, cHdigsennectAll
Terminals from the pop-up menu anywhere on the connector. Notice that
this is different fromRemove Termind in thatDisconnect this Terminal
does not remove the terminal from the pattern.

Confirming Terminal Connections

To see which control or indicator is assigned to a particular terminal, click
a control, indicator, or terminal with the Wiring tool when the connector
pane is visible. G selects the corresponding assigned object.
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Creating SubVls from VI Selections

You can convert a portion of a VI into a subVI to be called from another
VI. You select a section of a VI, sel&adit»Create SubVI, and the section
becomes a subVI. Controls and indicators are created automatically for the
new subVI, the subVI is wired automatically to the existing wires, and an
icon of the subVI replaces the selected section of the block diagram in your
original VI.

Creating a subVI from a selection is the same as removing the selected
objects and replacing them with a subVI, except for the following
behaviors.

© National Instruments Corporation

None of the front panel terminals included in the selection are removed
from the caller VI. Instead, the front panel terminals are retained on the
caller VI and are wired to the subVI.

All attributes included in the selection are retained on the caller VI and
are wired to the subVI. The selected attributes are replaced by front
panel terminals in the subVI which act as channels for transferring the
value of an attribute, in or out of the subVI.

When a selection includes a local variable, it is replaced by a front
panel terminal in the subVI. The local variable is retained on the caller
VI and is wired to the subVI. When more than one instance of the same
local variable is selected, the first instance becomes a front panel
terminal and the rest remain as local variables in the subVI. Only one
instance of the local variable is retained on the caller VI; the rest of the
selected instances are removed from the caller and moved to the subVI.

Because local variables can either read or write from a front panel
terminal, when instances of both read and write local variables are
selected, two front panel objects are created in the swlovik to pass

the value of the local variable into the subVI and another to pass the
value out of the subVI. The front panel terminal created to represent
the read local variables has the sufixd added to its name, and the
front panel terminal created to represent the write locals has the suffix
write  added to its name.
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Rules and Recommendations

Note

The ability to create a subVI from a selection can be a great convenience
but might not be as simple as it seems. Careful planning still is required to
create a logical hierarchy of VIs. You must also consider which objects to
include in the selection and thereby avoid situations where the functionality
of a resulting VI is changed. In cases where a problem occurs, a subVI is
not created out of the selection, but a dialog box appears explaining why
the operation failed. In cases where there is only a potential problem, a
dialog box appears with an explanation of the potential problem. You then
must decide whether to continue.

If there are no local variables or attribute nodes in a selection, you might want to
use a Sequence Structure to encapsulate the code you want sent to a subVI and
preview the results.

The following rules and recommendations can help you use this feature
effectively.

Number of Connections

Do not make very large selections that create a subVI with more than
28 inputs and outputs, the maximum number of connections on a
connector pane.

Keep in mind each front panel terminal, each attribute, and certain local
variables included in the selection require a slot in the connector pane;

a selection with a large number of these items might run out of connector
pane slots.

To avoid exceeding the maximum terminals, select a smaller section of the
diagram, or group data into arrays and clusters before selecting a region of
the diagram to convert.

Cycles

Avoid making selections that create cycles in the diagram. Cycles occur if
a data flow originates from an output of the subVI and terminates as an
input to the subVI.

Identifying cycles while making selections is difficult, but G detects them
for you. When G detects a cycle, it displays a dialog box prompting you
either to create a new VI from the selection or to cancel. If you choose to
create a new VI, a new Untitled VI is created from your selection. The
selected items in the original diagram are left untouched.
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Attribute Nodes within Loops
Do not include attribute nodes within a loop in your selection.
Because an attribute node is retained on the caller VI and wired to the

subVI, execution of the subVI does not update the value of the attribute
on every iteration of the loop. You cannot make a subVI in such cases.

lllogical Selections

Do not convert selections into a subVI that do not make sense. For example,
it does not make sense to convert a selection consisting of one object inside
a Sequence Structure and another object outside of the Sequence Structure
without including the Sequence Structure itself.

Such selections invoke a display with an explanation of the problem.

Locals and Front Panel Terminals within Loops

Try to avoid including local variables or front panel terminals inside a loop
in your selection.

Because selected front panel terminals or locals are retained on the caller
VI and wired to the subVI, execution of the subVI does not update the value

of these items on every iteration of the loop. This can cause a change in the
functionality of the caller VI.

In such cases a warning display prompts you to continue or cancel.

Case Structures Containing Attribute Nodes,
Locals, or Front Panel Terminals

Try to avoid including a Case Structure containing an attribute node, front
panel terminal, or local variable to which a value is written.

In such cases, when the subVI is executed, a specific value always is
written to the object because you wire it to the subVI. Although it exists

in the original block diagram, a value can be written only when either the
TRUE or FALSE part of the Case Structure executes. This can change the
functionality of the caller VI.

In such cases a warning display prompts you to continue or cancel. If you
continue, you first must edit the subVI to supply a value in all cases.
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Consider the following illustration as an example.

The Case Structure is selected for conversion into a subVI. The front
panel terminal Output is left out in the original diagram and connected to
the subVI through a connector as shown in the following illustration.

In the original block diagram, G writes a value to Output only when the
FALSE part of the case executed. However, when the selection turns into a
subVI, G always writes a value to Output regardless of whether the TRUE
or FALSE part of the case was executed within the subVI. You need to edit
the subVI to supply data for the extra cases.
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Using the Hierarchy Window

The Hierarchy window displays a graphical representation of the calling
hierarchy for all VIs in memory, including type definitions and global
variables.

You can configure many aspects of the display in the Hierarchy window.
For example, you can display the layout horizontally or vertically, and
include or exclude Vis ini.lib , global variables, or type definitions.

Other useful features of the Hierarchy window include the ability to
access th¥/| Setup..., Edit Icon..., Show VI Info..., andPrint
Documentation... menu items, the ability to drag or copy and paste
hierarchy nodes to a block diagram of another VI as a subVI, and the
ability to search for hierarchy nodes by name.

Opening the Hierarchy Window
You can open the Hierarchy window in any of the following ways.

» SelectProject»Show VI Hierarchy. The Hierarchy window is shown
with the VI of the current active window as the focus node.

e Under the pop-up menus of subVIls, global variables, or type
definitions, selec6how VI Hierarchy. The Hierarchy window
appears with the selected subVI, global variable, or type definition
as the focus node.

» If the Hierarchy window is already open, you can bring it to the
front by selecting it from the list of open windows under the
Windows menu.

Switch the Hierarchy window between horizontal and vertical display
through a menu item in théew menu or by pressing thdorizontal
Layout or Vertical Layout button at the top of the window.

In a horizontal display, subVls are shown to the right of their calling Vls;
in a vertical display, they are shown below their calling VIs. SubVls always
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are connected with lines to their calling VIs. The window shown in the
following illustration is displayed horizontally.

Hierarchy

£] EE

cofFi
Ca&

[ ITTT [ -] ! :}i':':‘

Arrow buttons and arrows beside nodes indicate what is displayed and what
is hidden, as follows.

E e Ared arrow button pointing towards the node indicates some or all
subVIs are hidden. Clicking the button shows the immediate subVIs of
the node.

E « Ablack arrow button pointing towards the subVIs of the node indicates

all immediate subVIs are shown.

- « A blue arrow pointing towards the callers of the node indicates the
node has additional callers not shown.
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If a node has no subVIs, no red or black arrow buttons are shown.

A node becomes the focus node, surrounded by a thick red border, when an
operation is performed on it. It is defocused when you perform an action on
another node.

As you move your cursor over objects in the Hierarchy window and your
cursor becomes idle over a node, G displays the name of the node below the
icon of the node. If you prefer, you can use a menu item iMidve menu

to show the full path instead of the name.

You can double-click any icon in the Hierarchy window to open the
associated VI.

If you show the Help window and move the cursor over an icon, G displays
the Help window information for that VI.

Hierarchy Window Options

Several options let you control the display of the Hierarchy window;
others let you perform actions on nodes displayed in the window. Options
are available in theiew menu, in buttons near the top of the Hierarchy
window, in the pop-up menu of a node, and through mouse clicks. You
also can access théew menu by popping up on an empty space in the
Hierarchy window.
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View Menu Options

TheView menu contains the following menu items related to the display of
the Hierarchy window. Many of the menu items are also available from
buttons near the top of the window.

Hiew
Redraw 30
Show AIl Ds A

+ Uertical Hierarchy
Horizontal Hierarchy
Include Uls in vi.lib

v Include Globals
Include Type Defs

Full U1 Path in Label

¢ Redraw—Redraws the window layout to minimize line crossings and
maximize symmetry, a useful option after successive operations on
hierarchy nodes. If a focus node exists, the window scrolls to show that
node. If no focus node exists, the window scrolls to show the first root
of subVils.

* Show All VIs—Displays all hidden VIs. There is no focus node after
this menu item is selected. This does not affect other settings in the
View menu. In other words, Vis inlib , global variables, and type
definitions not included in the hierarchy remain hidden.

¢ Vertical Hierarchy —Arranges the nodes from top-to-bottom with the
calling VIs above their subVils.

e Horizontal Hierarchy —Arranges the nodes from left-to-right with
the calling VIs to the left of their subVils.

¢ Include Visinvilib —Toggles the Hierarchy window to include or
exclude VIs irvi.lib

¢ Include Globals—Toggles the Hierarchy window to include or
exclude globals.
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* Include Type Defs—Toggles the Hierarchy window to include or
exclude type definitions.

* Full VI Path in Label —Toggles the Hierarchy window to display
either the full VI path or simply the name of the VI in the Tip strip for
each hierarchy node.

Hierarchy Toolbar Buttons

A toolbar in the Hierarchy window contains buttons affecting the display
of the window.

] [al] EEF

The buttons, which perform some of the same actions as items in the
View menu, are described as follows.

&. Redo Layout—Redraws the window layout to minimize line crossings

and maximize symmetry, which is useful after successive operations on
hierarchy nodes. If a focus node exists, the window scrolls to show that
node. If no focus node exists, the window scrolls to show the first root
of subVils.

Vertical Layout—Arranges the nodes from top to bottom with the calling

i VIs above their subVis.

Horizontal Layout—Arranges the nodes from left to right with the calling
<3 VIs to the left of their subVils.
Include VI Lib —Toggles the Hierarchy window to include or exclude

VIs in vi.lib

Include Globals—Toggles the Hierarchy window to include or
exclude globals.

@

Include Type Definitions—Toggles the Hierarchy window to include or
exclude type definitions.

o0
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Hierarchy Node Pop-Up Menu

If you pop up on a node (subVlI, global variable, or type definition)
displayed in the Hierarchy window, a menu appears with items for
controlling the display or carrying out commands related to the
selected node.

il
L—F[E"t Highlight Connections
Show Immediate Sublls
Show U1 Hierarchy
Show Al Sublis

Show RHIl Callers

Edit Icon...
Ul Setup...
Get Info...

Open Front Panel
Print Documentation...

The menu items are described as follows.

G Programming Reference Manual

Highlight Connections—Makes the selected node the focus node and
highlights in red the edges connecting its immediate callers and
subVls.

Show Immediate SubVIs—If the node is hiding all or some subViIs,
this menu item expands the node to show all of its immediate subVIs.
The edges connecting the node to its subVIs are highlighted in red.
The menu item is toggled witdide All SubVis.

Hide All SubVIs—If a node is showing all immediate subViIs, this
menu item collapses the node to hide its entire subVI chain. This is
toggled withShow Immediate SubVIs

Show VI Hierarchy—Makes the selected node the focus node and
displays the nodes belonging to its call chain and subVI chain.
Unrelated roots are also visible, but all of their subVIs are hidden.
The edges connecting the call chain of a node and subVI chain are
highlighted in red.

Show All SubVIis—Makes the selected node the focus node and
expands its entire subVI chain. The edges connecting the subVI chain
of the node are highlighted in red.
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» Show All Callers—Makes the selected node the focus node and
expands its entire call chain. The edges connecting the call chain are
highlighted in red.

» Edit Icon...—Displays the Icon Editor for editing of the icon of the
node.

e VI Setup...—Displays the VI Setup dialog box for the node.
* GetlInfo...—Displays the Get Info dialog box for the node.

* Open Front Panel—Opens the front panel of the VI, global, or type
definition.

e Print Documentation...—Brings up the Print Documentation dialog
box, from which you can choose the portion of the VI you want to
print. For more information about this dialog box, seeRtieting
Documentatiorsection of Chapter Frinting and Documenting Vs

Hierarchy Node Mouse-Click Sequences

Mouse-click sequences are available for selecting nodes, for copying or
dragging nodes, and for shortcuts to certain pop-up menu items. Where
applicable, the sequences are performed with the Positioning tool selected.

The shortcut mouse clicks are as follows. For a more complete description
of items available in the pop-up menu, see the setlierarchy Node
Pop-Up Menun this chapter.

e Clicking the red arrow button executes the Show Immediate
SubViIs action.

e <Shift> -clicking the red or black arrow button executes the Show All
SubViIs action.

e Pressing<Ctrl-click> (Windows); <option-click> (Macintosh);
<meta-click>  (Sun); and<Alt-click> (HP-UX); on the node
executes the Show VI Hierarchy action.

» Double-clicking the node executes the Open Front Panel action.

» Single-clicking the node selects it for dragging to a block diagram or
copying to the Clipboard to use as a subVI.

e By <Shift> -clicking and holding the mouse button down while
selecting, you can select multiple nodes for copying to other block
diagrams or front panels. You also can make multiple selections by
dragging a rectangle over the objects you want to select.

« Pressing theTab> key toggles between the Positioning and the Scroll
tool of theTools palette.
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Finding Vis in the Hierarchy Window

You can initiate the search by simply typing in the name of the node.

A small Search window appears displaying the text you typed. The search
takes place immediately and highlights a matching node by displaying a
Tip strip of its name.

In the following illustration the Find Hierarchy Node mechanism has found
the node namedrawJoint.vi

drawJoint.uvi Hierarchy

0o

|Sear-::h: drau.l.Ju|

Furri,

3

d
[N

A search is performed as you type; thus, when no node matches the
characters currently displayed in the Search window, the system beeps and
no more characters can be typed. You then can us®ttkspace> or
<Delete> key to delete one or more characters, and resume typing.

The Search window disappears automatically if no keys are pressed for a
certain amount of time. You can press<Bec> key to remove the Search
window immediately.

When a match is made on a node, you can use the right or down arrow key,
or the<Enter> on Windows and Sun or th®eturn> key on Macintosh

and HP-UX, to find the next node matching the search string. To find the
previous matching node, you can press the left or up arrow key, or
<Shift-Enter> on Windows and Sun e&Shift-Return> on

Macintosh and HP-UX.

G Programming Reference Manual 3-22 © National Instruments Corporation



Chapter 3 Using SubVls

Finding Vis, Objects, and Text

When developing an application consisting of multiple subVIs or even a
single large VI, you might want to find occurrences of a particular object
or string of text. Théroject»Find command can help you find all
instances of the following objects with the names you indicate.

e Vs
e Built-in functions

» Type definitions

* Global variables

* Local variables

e Attribute nodes

*  Breakpoints

*  Front panel terminals
 Text

For information on type definitions, see thge Definitionsection in
Chapter 24Custom Controls and Type Definitiorior information on
local and global variables, see Chapter@®pal and Local Variables
For information on attribute nodes, see ChapteA22ibute NodesFor
information on breakpoints, see tRkcing Breakpoint Toolsection of
Chapter 4Executing and Debugging VIs and SubVIs

In addition to thé=ind command, many objects have pop-up menu items
to help you quickly find related objects. For example, if you pop up on a
control, a menu item helps you find the corresponding terminal as well as
any local variables or attribute nodes associated with it.

Find Dialog Box

To bring up the Find dialog box, seléubject»Find..., or press
<Ctrl-f>  (Windows); <command-f> (Macintosh); <meta-f> (Sun);
or <Alt-f>  (HP-UX).

As a shortcut, you can select a piece of text or an object before accessing

the dialog box. The dialog box appears, with the text or object preselected
for the search.
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Finding Vis and Other Objects

To search for VIs or other objects, click Bbjects button in the
Find dialog box.

Find

Search for: (& objects ) Tewt
p—

Find

N ——
Select Object: | [+>

Add

—Search Scop

| <All s in Memorny> vI Seientd

[] search in Hierarchy %indaw
[] search ¥z in wilib

To select the object you want to search for, click the button after the words
Select Object TheSelect Objectanenu appears.

Find
Search for: (& Objects ) Tewt
S Cancel
select Object: I>§ Functions b
Uis 4
Add Type Defs L
Globals »
—Search Scape Objects in vi.lib »
_ Others 4
| <Al U1s in Memory)
D Search in Hierarchy “Windo Uls h!:l Name...
[] Search Y1z in vilib

The items available in this menu are as follows.

¢ Functions—Brings up thd-unctions palette so you can select built-in
functions, VIs, or any objects you customized to appear in the
Functions palette.
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* VIs—Displays a palette of all VIs in memory not locatediilib

» Type Defs—Displays a palette of all type definitions in memory not
located invi.lib

* Globals—Displays a palette of all global VIs in memory not located
in vi.lib

* Objects in vi.lib—Displays all Vs, type definitions, and global
variables located ini.lib

»  Others—Displays a menu from which you can select attribute nodes,
breakpoints, and front panel terminals.

e VIs by Name..—Invokes the Select VIs by Nand@log box, which
displays all VIs in memory by name in alphabetical order. You can
type the name of the object to jump quickly to the item in the list you
want. With the three checkboxeél¢, Globals, andType Defg, you
can include and exclude different types of objects to be displayed in

the list box.
Finding Text
To search for specific text, click tfi@xt button in the Find dialog box.
Find
Search for: ) Objects (&) Text
Find What [ Find ]

[test.ui |

——
Cancel

[] Match Case
[ tatch whole word More Options...

I:‘ Reqular Expression

—Seatch Scop

| <All Uls in Memory> v| Seipnt

|:| Search in Hierarchy Swindow
B Search ¥z in vilib

Search String Options

You can type in the text you want to find, and optionally limit the scope
of the search to specific areas of VIs (front panel, block diagram, show VI
info text, or history information) or components of objects, such as the label
or description.
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The following menu items are available for indicating the search string.

Match Case—Finds only text strings exactly matching the case
(uppercase or lowercase) of the characters you type in.

Match Whole Word—Finds text strings only if they are preceded and
followed by a non-alphanumeric character such as a space or a plus
sign (+), or the start or end of a line. (If this menu item is not selected,
the command matches any string, regardless of if it is a fragment of a
larger string or not.)

Regular Expression—Handles the character string as a regular
expression. The regular expression has the same specifications the
Match Pattern function (s&@nline Help»Function and VI
Referencefor those specifications).

Text Search Options

TheMore Options... button invokes the Text Search Options dialog box,
which has menu items for configuring the scope of the text search for
each VI.

Text Search Options

—Search in Vi's
(€] Front Panel [ Get Info text

(€] Block Diagram [ Histary tesct Cancel

—Seatch in Object’s Label
(€] visible labels
[€] Hidden 1abels

0K

[ visible (<] Description

[] Hidden

|rSearch in Object’s Data & Parts

The menu items indicate if and where to search visible or hidden text.
They are as follows.
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Search in VI's—Indicates whether to search the front panel of a VI,
block diagram, Get Info text, or History window text. At least one of
these must be checked.

Search in Object’s Label—Indicates whether to search visible or
hidden object name labels.

Search in Object’s Data & Parts—Indicates if you need to search
visible or hidden data and parts.The data and parts of an object consist
of everything belonging to an object except for the name label of the
object. You also have the option of searching the description of various

3-26 © MNational Instruments Corporation



Chapter 3 Using SubVls

objects. At least one of the menu items in$earch in Object’s
Label andSearch in Object’'s Data & Partsmust be checked.

Note The Text Search options are saved from search to search; therefore, if you do not
find a string of text expected to exist, make sure the Text Search Options are set
appropriately.

Narrowing the Search Scope
Three items in th8earch Scop&ing menu indicate the VIs to be searched.

All VIs in Memory —Indicates the search scope as all Vs currently
loaded. Two checkboxes are available to include or exclude VIs in
vilib  and the Hierarchy window.

Selected VIs—Selects a custom set of VIs to search. The Hierarchy
window can be included or excluded from the search scope. The
Select...button brings up th8elect Vismenu item in the Search
dialog box.

Name of a VI—Searches a specific VI only. The name of the VI in this
ring item depends on the active VI when you invoked the Find dialog
box.

Click theFind button to begin searching for the text you selected.

Search Results Window

After you complete a search, if there is more than one search result, the
Search Results window displays all search results, as shown in the
following illustration. If only one result is found, the result is immediately
highlighted, bypassing the Search Results window.

Search Results

Search far: "open
Search Results & itern(s] found
| tem* Found In
1 Call Instrument.wi — Fonel, Ring, Data/Fart
2 Instrument Control Master.wi — Panel, Ring, Dota/Part ]
2 Instrument Control Master.wi - Diagram, Ring, Data/Part
4 Open Serial Oriwer.wi — Diagram, Global Uariable, Dota/Part
=1 Open Serial Oriwer.wi — Diagram, Global Uariable, Dota/Part
=} Open Serial Oriwer.wi — Diagram, Global Uariable, Dota/Part

© National Instruments Corporation

Clear

3-27 G Programming Reference Manual



Chapter 3

Using SubVls

You can display this window also by selectPigject»Search Results...

The following menu items are available in the Search Results window.
e Clear—Clears and frees memory used to store search results.

« Go To—Highlights the currently selected search result. You also can
do this by double-clicking the item. Items already highlighted are
checked.

¢ Find...—Invokes the Find dialog box.

e Stop—Appears in place of theind... button during a search. If there
is a long search through many VIls, the Search Results window updates
search results as they are found and shows the status of the search. You
use theStop button to interrupt the search.

If you delete an object or VI and it is part of a search result, then the item
entry of that result is disabled. Notice, however, modifying text does not
update the search results. Therefore, you might highlight a text search result
no longer matching the search criteria. In this case, perform another find to
update the search results.

Finding Next and Previous Search ltems

SelectProject»Find Nextto highlight the next and previous results in the
search list. For hidden text, all objects needed to display the text are made
visible temporarily as grayed-out objects and the text is selected; when you
click the mouse or press a key, the objects are hidden again.

Find Pop-Up Menu for Global and Local Variables and Attribute Nodes

A Find pop-up menu item is available on front panel controls and
indicators, global variables, locals variables, and attribute nodes. You
can pop up on a local variable or attribute node to find its corresponding
control, front panel terminal, or other local variables and attribute nodes.
Conversely, front panel controls and indicators have pop-up menus to
find all corresponding locals and attribute nodes. From a global node,
you can find its corresponding global definition or all other global

nodes. Conversely, global controls have a pop-up menu for finding all
corresponding global references in memory. If more than one result is
found, the Search Results window appears.
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and SubVls

Executing Vis

This chapter describes operating and debugging VIs, and explains the setup
of VIs and subVIs for special execution modes.

Running Vis
£

Run button

n
nigp
VI running
at top level

VI caller
is running

&

Run Continuously
button

Abort button

Pause button

You can run a VI by selectif@perate»Runor by clicking the Run button.
G compiles the VI if necessary.

While the VI is running at its top level (meaning it has no callers and
therefore is not a subVl), tHeun button changes to look like this.

If the VI is executing as a subVI, tRin button changes to look like this.

Press th&un Continuously button to run the VI again and again, until you
abort or pause execution.

Pressing thébort button aborts execution of thep-levelVI. If a VI is
used by more than one running top-level VI, the button appears grayed out.

Pressing this button pauses execution. You can press it again at any time to
continue execution.
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You can run multiple VIs at the same time. After you start the first one,
switch to the front panel or block diagram of the next one and start it as
described previously. Notice that if you run a subVI as a top-level VI, all
caller Vls are broken until the subVI completes. You cannot run a subVI as
a top-level VI and as a subVI at the same time.

If your VI runs but does not perform correctly, see the sechotiisg
Broken VisandDebugging Executable Vlater in this chapter.

When you edit a VI, the toolbar contains several tools used for editing VIs,
including the Font ring, the Alignment ring, the Distribution ring, and the
Reorder ring.

H)lf@__’l E@i ] | @ h'lﬁ"ﬁ;' 9pt Application Font =] |:m_*| |T|:|:_v| |!,'§'l_v|

When you run a VI, those tools are replaced with debugging tools, as shown
in the following illustration.

"H’ @lﬂl @ iéfgi??iﬁi

If you pop up on a control while running a VI, you see that all objects
i have a much simpler set of menu items. These are the same as the menu
Run button items in theData Operationssubmenu that you see in pop-up menus

when you edit VIs.

o il
EIll w231 ™ Reinitialize to Default

(St [ata
Copy Data
Faste [ata
Dezcriptior...
rlime HElq

You can cut, copy, or paste the contents of the control, set the control to its
default value, and read the description of the control with menu items in
this menu. Some of the more complex controls have additional options.
For example, an array has menu items to copy a range of values or go to the
last element of the array.
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il
L% Reinitialize to Default
Cut Data
Copy Data
Easte [Nata
Description...
lime HElR

|_ll
[N

E mphy Arran

Show Last Element
Show Selection
Start Selection
End Selection
Select All

When editing a VI, the pop-up menu of an object contains an editing menu
and aData Operationssubmenu, as shown in the following illustration.
This submenu contains the same menu items you see when running a VI
plus an additional menu iteritlake Current Value Default.

—
u| -

|._{>|@| E@| T] | [ 9pt Application Fort - [Bg -

Change to Indicator

Find Terminal
Sho 3
Data Operations Reinitialize to Default
Create b b ake Current Y alue Default
F.ew Hawvigation... Cut Data
FReplace [ Copy Data
Paste Data
Representation Dezcriphian...
Data Range... Online Help

Faormat & Precigian...

The Operate menu on the menu bar contains commands for executing
the current VI. The following sections discuss several fundamental
execution-related tasks.
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Stopping Vls

Abort button

Under ordinary circumstances, you let a VI run until it completes.
However, if you need to halt execution immediately, clickthert button

or selecOperate»Abort. TheAbort command halts the top-level VI at

the earliest opportunity. The halted VI most likely did not complete its task,
S0 you cannot rely on any data it produces. Although G closes files open
at the time and halts any data acquisition that might be in progress, avoid
designing Vls that rely on th&bort button orAbort menu item. For
example, if you create a VI that executes indefinitely within a While Loop
until stopped by the operator, wire the conditional terminal of the loop with
a Boolean switch on the front panel.

If you want to prevent an operator from inadvertently aborting your
VI by clicking theAbort button, hide it by deselecting thé Setup»
Window Options»Show Abort Button checkboxfrom the icon pane
pop-up menu on the front panel of the VI. See\ifiedows Options
section of Chapter &etting up VIs and SubVFer more information.

Running Vis Repeatedly

=

Run Continuously
button

<

VI running
continuously

To execute a VI repeatedly, click tRein Continuously button. The VI
begins executing immediately, and fen Continuously button changes
from outlined arrows to filled arrows while the VI is running. Click the
Run Continuously button again to stop the VI. The VI stops when it
completes normally.

The behavior of the VI and the state of the toolbar during continuous run is
the same as during a single run started wittRine button or the
Operate»Runcommand.

Data Logging on the Front Panel

Front panel data logging saves a time stamp and the data in all front panel
controls of a VI to a datalog file. You can have several different files, each
filled with logged data from different tests. You can retrieve this data using
interactive retrieval through the VI, programmatic data retrieval, or
standard file 1/0O functions.

Each VI maintains a log-file binding, showing the location of the datalog
file in which front panel data is recorded. If the binding is clear when
datalogging is enabled, meaning that the location is unspecified, the VI
prompts you for the location of the file.
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Configure and control front panel data logging by selectin@iperate
menu and itPata Logging submenu,
illustration.

as shown in the following

Froject ‘Windows Help

Cirl+R
Cirl+,

tion For -] [3al-] el

Frint at Completion
Log at Completiaon

Uata Logging
suspend when Called

Make CurrentYalues Default
Eeinitialize Al To Default

Log..

Fetrieve...

Furge Data...

Change Log File Binding...
Clear Log File Binding

Change to Fun bode  Cirl+h

When automatic data logging is enabled for a VI, G logs the front panel of
the VI any time the VI completes execution. You can tell if automatic data
logging is enabled for a VI by looking at tBperate»Log at Completion
menu item. Selectin@perate»Log at Completionenables automatic data
logging for a VI if disabled and disables automatic data logging if enabled.

To interactively log front panel data for a VI, sel€gerate»Data

Logging»Log....

Note A waveform chart returns only one data point at a time with front panel data
logging. If you wire an array into the chart indicator, the data log contains the
array subset displayed on the chart for that record.

You can change the log file binding of a VI with Bperate»Data

Logging»Change Log File Binding...
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You can select a specific record by typing the record number and then

-
EITET clicking theEnter button or pressing theEnter> key on the numeric
Enter button keypad.

: You can mark the selected record for deletion by clickindislete
button. When the selected record is marked for deletio¢hetebutton
Delete button changes to a full trash can. Clicking the full trash can unmarks the selected
record for deletion. Selected records are not deleted until you select
- Operate»Data Logging»Purge Data.,.or until you switch out of data
retrieval mode, either by clicking ti@K button or selectin&etrieve...

Record marked  again. If any records still are marked for deletion when you switch out of
for deletion button  (jatq retrieval mode, you are asked if you want to delete the marked records.

Click the OK button to return to the VI whose data log you were viewing.

SelectingOperate»Clear Log File Bindingdisassociates the VI from any
associated log file. The next time you log from the front panel data of the
VI, you are prompted to specify the log file.

To view logged data interactively, select @ygerate»Retrieve...menu
item. The toolbar becomes the data retrieval toolbar, as shown in the
following illustration.

| | ok m [0.5]  £/21/95 17:11 52.000

The highlighted number indicates which record currently is selected for
viewing. The numbers in square brackets indicate the range of records
logged. The date and time indicate when the selected record was logged.
You can view the next or previous record by clicking the up arrow or
down arrow, respectively. You also can use the up or down arrows on
your keyboard.

Retrieving Data Programmatically

You can retrieve data logged from a VI by usingEmable Database
Accessmenu item or using standard file I/O functions to read the file as
a datalog file.

Accessing Databases

You can retrieve data by using theable Database Accessienu item.
Access this from the pop-up menu of a subVI that has logged front panel
data in the associated datalog file of the VI, as shown in the following
illustration. Ahalothat looks like a file cabinet appears around the datalog
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file. This halo has terminals for accessing data from the datalog file. If you
run the calling diagram, the subVI does not execute. Instead, you retrieve
data from a specified record of the datalog file. It also returns the time the
data was logged, and a Boolean value indicating whether the indicated

Chapter 4 Executing and Debugging VIs and SubVls

record number is invalid.

MY
OATH
PROC
MY
OATH
PROG
Show [ ]
Description...
Show Terminals
Replace 4
Cluster Tools ]

Relink To SublM
Open Front Panel
SubUl Node Setup...

Enable Database Access

The following illustration shows the halo terminals for accessing the

logged data.

fecord #

.................. inwvalid
Fecard ¥2

cluster of
pomren font pane] data
in panel order

[cluster of

uzZ for secs since

LY reference time

ule& for additional
msecs |
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If the subVI has logged records, you can wire any number fremto

n—1 to the record # terminal. You can access records relative fiosthe
logged record using non-negative record numbers. 0 means first record, 1
means second record, and so on, thraughl, which stands for the last
record.

You can access records relative toltst logged record using negative
record numbers. Keep in mird means last record? means second to
the last, and so on, through, which means the first record. If you wire a
number outside the rangato n—1to the record # terminal, the invalid
record #? output is set to TRUE, and no data is retrieved.

Retrieving Data Using File 1/0 Functions

You also can retrieve data logged from the front panel of a VI using file
1/0 functions belonging to G. Each record in the datalog file created by
front panel data logging is a cluster containing a time stamp and the front
panel data. The time-stamp cluster consists of an unsigned 32-bit integer,
representing seconds, and an unsigned 16-bit integer, representing
milliseconds elapsed since the G reference time. This cluster is followed
by a cluster of the front panel data in panel order.

You can access the records of datalog files created by front panel
data logging using the same G file I/O functions you use to access
programmatically created datalog files. Enter the appropriate type,
described previously, as the type input to the File Open function, as
shown in the following example.

data log path

(= | tirme stamé

| [ront panel dats

record #

tant panel data
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Fixing Broken Vls

Y

Broken Run
button

A

Warning
button

This section covers a range of solutions to errors and problems in
virtual instruments.

A VI cannot compile or run if it is broken. Thd Run button typically
appears broken while you are creating or editing it, until you wire all the
icons in the diagram. If it still is broken after you finish wiring the icons,
try selectingedit»Remove Bad Wiresor selecting<Ctrl-b>  (Windows);
<command-b> (Macintosh); <meta-b> (Sun); or <Alt-b> (HP-UX). Often,

this fixes a broken VI.

To find out why a VI is broken, click tH&roken Run button. An Error List
window appears listing all the errors. This window is shown in the
following illustration.

Error List

U List
[untitted 1 ]

Show Warnings [

¥ Block Diagram Errors

Absolute Value : contains unwired or bad terminal
® Elock Diagram %Warnings

BOConstant: unwired block diagram constant

Choose a ¥l from the Tist of names to see its errors. Click
on any error in the Tist to display more details about it
here. Double-click on any front panel or block diagramn
error, or click on the Find button, to highlight the object

Fing

You also can access this box by clicking Warning button of a VI, or

by selectingNindows»Show Error List. TheWarning button for a VI is

only visible if the VI has a warning (such as overlapping objects) and you
checkShow Warningsin the Error List window. Use thereferences

dialog box to configure G to show warnings by default.

To locate an error, double-click the text describing it. The error is displayed
by bringing the relevant window to the front and highlighting the object
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causing the error. View errors and warnings for other VIs by selecting the
name of the VI from th& 1 List pop-up menu.

The following list contains some of the most common reasons for a VI
being broken during editing.

« A function terminal requiring an input is unwired. For example, you
must wire all inputs to arithmetic functions. You cannot leave unwired
functions on the diagram while you run the VI to try out different
designs.

« The block diagram contains a broken wire because of a mismatch of
data types or a loose, unconnected end. Remove broken wires,
including wire stubs you cannot see, with Hdit»Remove Bad
Wires.

« AsubVlis broken, or you edited its connector after you placed its icon
in the diagram.

* You might have a problem with an object made invisible, disabled, or
otherwise altered through an attribute node. Restore the object using
the attribute node to fix the problem, if possible.

Interpreting Error Messages

The following list contains some possible errors in a form similar to the
way they look in the Error List window.

Table 4-1. Error Messages

Error Messages Descriptions

Function Name: contains unwired or bad | A required input is not wired or the type is

terminal. inappropriate. Wire the required inputs with the
proper data types.

Code Interface Node: object code not You did not link the object code of a CIN properly.

loaded. Pop up on the node and reload the code.

Control: control does not match its type | Edit the control to match, or pop up and update |or

definition.

disconnect the type definition VI from the contrd|.

Enumeration has duplicate entries. All the items in an enumeration control must be

unigue and distinct.

More Errors....

The error window shows only 100 errors at one
time. Unlisted errors appear after you fix the listed
errors.
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Table 4-1. Error Messages (Continued)

Error Messages

Descriptions

For Loop: N is unwired and there are no
input indexing tunnels.

Unless N is wired or an array is indexed on inpu
the loop cannot determine how many iterations
execute.

—

[o

Global or Local Variable: named compone
doesn't exist.

The name of a variable changed since you last
loaded the VI and the name in the global or loca
variable no longer matches. Pop up on the varig
and select another name.

al
ble

Global Variable: subVI is missing.

When the calling VI loaded, the global subVI wg
not found, perhaps because you changed the ng
Replace the bad global subVI with a good one.

ame.

Node: A subroutine priority VI cannot
contain an asynchronous node.

You cannot use an asynchronous function, such
Wait, in a VI with a priority level equal to
subroutine.

as

Right Shift Register: type is undefined.

You must remove unused shift registers.

Right Shift Register: some but not all left
sides are wired.

A shift register must have inputs for all the left sid
or for none.

Sequence: One or more sequence locals v
never assigned.

You forgot to wire to a Sequence Structure loca
variable. Remove unused sequence locals.

SubVI name: bad linkage to subVI.

The connector pattern of the subVI changed sin
you last loaded the subVI, or you forgot to assig
controls or indicators of the subVI to connector
terminals. In the former case, use Balink
command in the subVI pop-up menu.

>

SubVI name: recursive references
(dispose it).

You changed the name of the calling VI to be th
same as one of its subVIs, and now G registers
change as the VI calling itself recursively. (The

and subVI are probably in different directories.)
G prevents recursion when you attempt to place
VI on its own block diagram.

e
this
a

a

SubVI name: LV Subroutine link error.

A problem exists with linkage to a CIN routine.

SubVI name: A Subroutine priority VI
cannot call a non-subroutine priority subV|

You must make the subVI execute at subrouting
priority or change the calling VI to something oth
than subroutine priority.

© National Instruments Corporation
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Table 4-1. Error Messages (Continued)

Error Messages

Descriptions

SubVI name: subVI is already running. You cannot run a VI if one of its subVIs already |s
running as a subVI of another VI.
SubVI name: subVI is in either panel ordg You cannot run a VI if you ar changing the panel|or

or cluster order mode.

cluster order of one of its subVIs.

SubVI name: subVI is in interactive retriev
mode.

You cannot run a VI if one of its subVIs is in
interactive retrieval mode.

SubVI name: subVI is missing.

When the calling VI loaded, the subVI was not

found, perhaps because you changed the name.

Replace the bad subVI with a good one, or open
missing subVI if you find it.

SubVI name: subVI is not executable.

The subVl is broken. Open it and repair its errors.

Terminal: The associated array or cluster
the front panel has no elements; its type i
undefined.

You must place a control or indicator in the array
cluster.

the

7]

or

Type Definition: can't find valid type
definition.

When the calling VI loaded, the type-definition \
was not found, perhaps because you changed t
name. Open the missing type definition VI if you
find it, pop up on the bad control, and disconned
from the type definition, or replace it with a gooq
control.

he

tit
]

(Un) bundle By Name: Empty cluster, or
some components are unnamed.

The input cluster wired to the Bundle By Name
Unbundle By Name function is either empty or h
some components not labeled.

Unit: bad unit syntax.

The text in the node is not a legal unit expressign.

A ? is placed immediately before the

unrecognizable character.

If you encounter messages that are not self-explanatory and not listed in
this chapter, contact National Instruments.
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Debugging Executable Vis

If your program executes but does not produce expected results, you often
can solve the problem by taking the following steps.

» Eliminate all VI warnings. If you sele&how Warningsin the Error
List window, the listbox identifies the warnings for your VI.
Determine the causes and eliminate them from your VI.

» Check wire paths to ensure that the wires connect to the proper
terminals. Triple-clicking the wire with the Operating tool highlights
the entire path. It is possible a wire appearing to emanate from one
terminal emanates from another. Look closely to see where the end
of the wire connects to the node.

e Use the Help windowHelp»Show Help to make sure functions are
wired correctly.

» Verify the default value for unwired inputs of functions or subVIs are
what you expect.

» Use breakpoints, execution highlighting, and single-stepping to
determine if the VI is executing as you planned.

» Use the probe feature described inlttsing the Probe Toaection of
this chapter to observe intermediate data values. Also, check the error
output of functions and subVIs, especially those performing I/O.

» Observe the behavior of the VI or subVI with various input values.
For floating-point numeric controls, enter the values NaN3dnfin
addition to normal values.

» Check to make certain execution highlighting is turned off in subViIs,
if your VI runs slower than expected. Also, close subVI windows when
you are not using them.

» Check the representation of your controls and indicators to see if you
are receiving overflow because you converted a floating-point number
to an integer or an integer to a smaller integer. Also refer to the
Recognizing Undefined Dasgction of this chapter.

» Check the data range and range error action of controls and indicators.
They might not be taking the error action you want.

» Determine if any For Loops inadvertently might execute zero
iterations and produce empty arrays. Also refer tdetkerution
HighlightingandRecognizing Undefined Dasctions of this chapter.

»  Verify you initialized shift registers properly, unless you specifically
intend them to save data from one execution of the loop to another.

* Check the order of cluster elements at the source and destination
points. Although G detects data type and cluster size mismatches at
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edit time, G does not detect mismatches of elements of the same type.
Use theCluster Order... menu item on the cluster shell pop-up menu
to check cluster order.

Check the node execution order. Nodes not connected by a wire can
execute in any order. The spatial arrangement of these nodes does not
control the order. That is, unconnected nodesatexecute from left

to right, top to bottom on the diagram as statements do in textual
languages.

Check for any extraneous VIs. Unlike functions, unwired subVIs do
not always generate errors (unless you configure an input as required
or recommended). If you mistakenly place an unwired subVI on the
block diagram, it executes when the diagram does, and consequently
your program might end up doing extra actions.

Check that you do not have hidden VIs. You inadvertently might have
hidden subVIs three waysby dropping one directly on top of another
node; by decreasing the size of a structure without keeping the subVI
in view; or by placing one off the main diagram area. In the last case,
scroll the block diagram window to its limits. Also check the inventory
of subVIs used in the VI against tReoject menu itemsThis VI's
SubVlisandUnopened SubVigo determine if any extraneous subVIs
exist. Also look in the Hierarchy window to see the subVIs for a VI, or
in the Error List window to see a list of hidden objects (as long as the
Show Warningscheckbox is selected). To help avoid incorrect results
caused by hidden VIs, you can indicate that inputs to VIs are required;
for information, se&kequired, Recommended, and Optional
Connections for SubVia Chapter 3Using SubVIs.

Understanding Warnings

If an object is hidden completely by another object, G generates a warning
to indicate all objects are not visible. For example, if a terminal is hidden
under the edge of a structure, or tunnels are on top of each other, a warning
message is placed in the Error List window. Warnings do not prevent you
from running a VI; they are intended to help you debug potential problems
in your programs.
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Recognizing Undefined Data

There are two symbolic values that can appear in floating-point digital
displays to indicate faulty computations or meaningless reblaté(not a
number) is the symbol representing a particular floating-point value that
operations such as taking the square root of a negative number can produce.
Inf is another special floating-point value produced, for example, by
dividing one by zero.

Undefined data can corrupt all subsequent operations. Floating-point
operations propagate NaN ahdinf, which, when explicitly or implicitly
converted to integers or Booleans, become meaningless values. For
example, dividing one by zero produces Inf, but converting that value to a
word integer produces the value 32,767, which appears to be a normal
value. Before converting to integer types, check intermediate floating-point
values for validity unless you are sure this type of error does not occur in
your V1.

Executing a For Loop zero times can produce unexpected values. For
example, the output of an initialized shift register is the initial value.
However, if you do not initialize the shift register, the output is either the
default value for the data type0, FALSE, or empty string-or the output

is the last value loaded into the shift register when the diagram last
executed.

Indexing beyond the bounds of an array produces the default value for the
array element data type. You can do this inadvertently in a number of ways,
such as indexing an array past the last element using a While Loop,
supplying too large a value to the index input of an Index Array function,
or supplying an empty array to an Index Array function.

When you design VIs that can produce undefined output values for certain
input values, do not rely on special values such as NaN or empty arrays to
identify the problem. Instead, make sure your VI either produces an error

message that identifies the problem or produces only defined default data.

For example, if you create a VI using an incoming array to auto-index a For
Loop, evaluate the operation of the VI if the input array is empty. Either
produce an output error code or substitute predefined values for the values
created by the loop.

Note A floating-point indicator or control with a range of —Infinity to +Infinity still can
generate a range error if you send NaN to it.
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Correcting VI Range Errors

@

A range error indicator appears in place ofRlum button in the following
circumstances.

Range Error *  You configured a control on a subVI to stop execution when it receives
an out-of-range value (through tBbata Range...menu item of the
control), and the control receives such a value.

indicator

Note

« You configured an indicator on a subVI to stop execution when it tried
to return an out-of-range value to a calling VI, and the indicator
attempted to return such a value.

« An operator enters an out-of-range value into a control you set to stop
execution on error, as long as the VI is not running at the time.

When a control or indicator is out of range it is surrounded with a thick, red,
rectangle, as shown on the right side in the following illustration.

A —

ElD.DD |

|t I |t

<
I
0.oo

I
=00

I I I I
10.00 .00 =.00 10.00

SeeRange Options of Numeric Controls and Indicator€hapter 9,
Numeric Controls and Indicatorfor more information.

A VI or subVI can pass out-of-range values to one of its indicators without halting
execution. The error condition exists only when a subVI attempts to return such a
value. Also, an operator can enter out-of-range values into a control while its VI
is executing. The out-of-range error condition only prevents the VI from starting,
not from continuing once it starts.

G Programming Reference Manual
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Debugging Features

Pause button

[

Step Over
button

[£]

Step Into
button

ot}

Step Out
button

This section covers the following debugging features.

* Single-stepping through a VI to observe each execution step
» Highlighting execution to watch the data flow as it occurs

e Using a probe to display data

»  Setting breakpoints to pause execution, so that you can single-step,
probe wires to see their data, or edit indicators

e Suspending execution to edit indicators, to control the number of times
to execute, or to go back to the beginning of the VI

Single-Stepping through Vis

For debugging purposes, you might want to execute a block diagram node
by node. This form of execution is called single-stepping. Before executing
a VI, start single-stepping by pressing Rausebutton. Execution of a VI

can also be paused at any time by clickind?aesebutton. You can return

to normal execution at any time by releasingRhasebutton. Clicking the

Run button when a VI is paused starts execution again, but the VI pause is
still set. When the VI is called again, execution pauses.

While the VI is running in single-step mode, press any of the active three
step buttons to proceed to the next step. The step button you press
determines where the next step executes.

If you idle your cursor over any of the step buttons, a Tip strip appears with
a description of the next step if you press that button.

You might want to use execution highlighting as you single-step through a
VI, to follow data as it flows through the nodes. Seekkecution
Highlighting section in this chapter.
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An Example of Single-Stepping through a VI

The following illustration shows an example of a VI that is single-stepping
(Caller 1.vi ). This VI currently is running on behalf of the

VI Caller 3.vi . The subVIFibonacci .vi, currently is executing
(indicated by the arrow glyph on tRein button). The VIFactorial i ,

is the next node to be executed. Clicking $tep Into button opens its
block diagram and starts single-stepping. ClickingStep Overbutton
executes the subVI and pauses. ClickingStep Outbutton finishes
executing the current frame of the loop and pauses.

||:: @ hﬂlelﬂt |Ea'|'|er R -

N

After stepping into the sub\Hibonacci.vi and stepping into the loop,
clicking theStep Outbutton and holding down the mouse for a second, a
menu appears. Select how far the VI executes before pausing. Selecting
Block Diagram runs the VI until all nodes on the block diagram execute,
and execution pauses.

Selecting one of the Vs on the call stack runs that VI until it is finished. At
that point, the caller of the selected VI pauses.
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@ Fibonacci.vi

CallerZ.ui

Caller3.vi
o ==
DEBL

b

Using Step Buttons

The step buttons are as follows.

Press thé&tep Overbutton to execute a structure (sequence, loop, etc.) or
a subVI and then pause at the next node. The keyboard sho#tCtrtis
(Windows); <command>(Macintosh); <meta> (Sun); or <Alt> (HP-UX)

followed by the right arrow key.

Press thé&tep Into button to execute the first step of a subVI or structure
IE (sequence, loop, etc.) and then pause at the next step of the subVI or
Step Into structure. The keyboard shortcukigtrl> (Windows); <command>
button (Macintosh); <meta> (Sun); or<Alt> (HP-UX) followed by the down arrow

key. The step buttons affect execution only in a VI or subVI in single-step
mode. If a VI in single-step mode has one subVI also in single-step mode
and one in normal execution mode, the first subVI single-steps when called
but the second executes normally when called. Pre&tepeOut button

to finish executing the current block diagram, structure, or VI and pause.
The keyboard shortcut «Ctrl>  (Windows); <command>(Macintosh);

<meta> (Sun); or <Alt> (HP-UX) followed by the up arrow key.

When the VI finishes executing, the step buttons become grayed-out.
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Reading Call Chains

When a subVI is pausedGall Chain ring appears. This menu lists the
chain of callers from the top-level VI down to this subVI. Keep in mind this
is not the same as tReoject»This VI's Caller's menu item, which lists

all calling VIs regardless of whether they currently are executing. When
you select a VI from the Call Chain ring, its block diagram opens and the
VI calling the current subVI is selected. This helps you distinguish the
current instance of the subVI if the block diagram contains more than one
instance.

Caller Z.wi v

Call Chain ring

In addition to the keyboard shortcuts given inltrsing Step Buttons
section of this chapter, the following commands are available.

e When single-stepping through a subVI or structure, clicking the
Step Out button while holding the mouse down brings up a menu.
Select how far the VI executes before pausing.

«  Double-clicking front panel controls and indicators, local variables,
and global variables displays and highlights the corresponding block
diagram object.

e Pressing theCtrl> (Windows); <option> (Macintosh); <meta>
(Sun); or<Alt> (HP-UX) key while double-clicking a subVI brings
its block diagram to the front.

Execution Highlighting

For debugging purposes, it might be helpful to view an animation of the
execution of the VI block diagram.

To use this feature, click thtighlight Execution button. The button
changes its appearance. Click this button at any time to return to normal
view mode. You commonly use execution highlighting in conjunction

with single-step mode to gain an understanding of how data flows through
nodes. Highlighting greatly reduces the performance of a VI.

With execution highlighting, the movement of data from one node to
another is marked by bubbles moving along the wires. Additionally, in
single-stepping, the next node blinks rapidly as shown in the following
illustration sequence.
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When you single-step through a subVI with Highlight Execution

button on, an execution glyph on the subVI icon of the block diagram
indicates which VIs are running and which are waiting to run. The arrow in
the following illustration indicates a running subVI is waiting to run.

Pflllg
i b

running

Block Diagram

The Hierarchy window displays whether a VI is paused and/or suspended.
(For more information about the Hierarchy Window, sedu$iag the
Hierarchy Windowsection of Chapter &Jsing SubVI9 The pause glyph
indicates a subVI is paused and/or suspended. A green pause glyph (or a
hollow glyph if displayed in black and white) indicates this subVI pauses
when called. A red-pause glyph (or a solid glyph if displayed in
black-and-white) indicates this subVI currently is paused.

Progp ]
P
Mor [y

paused

Hierarchy Window

Using the Probe Tool

O Tools You can use the Probe tool to check intermediate values in a VI that
executes but produces questionable or unexpected results. For example,
you might have a complicated block diagram with a series of operations,
any one of which might be returning incorrect data.

B\ % F
@ |
| 3]

One way to look for the source of the questionable results is to wire an
indicator to the output wire from one of the operations to display the
intermediate results. But placing an indicator on the front panel and wiring
its terminal to the block diagram is not a convenient debugging mechanism.
Probe tool selected It is time consuming and creates unwanted items on your front panel and
block diagram you must later delete.

[
~
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Select the Probe tool and place its cursor on a wire, or pop up on the wire
and seledProbe. As shown in the following illustration, the floating Probe
window appears, with no data displayed within. As soon as you run the VI,
the Probe window displays data passed along the wire.

i00 number - O to
nurnber: 0 o 1

5. 7TES5E-1

Each probe is numbered automatically and uniquely. The wire to which it
is attached is marked with the same number. This helps keep track of which
probe is associated with which wire. However, if the name of the front
panel control is as long as or longer than the Probe window, the number is
not visible.

You can use the probe in conjunction with execution highlighting,
single-stepping, or breakpoints to view values more easily. During
single-stepping or pausing at a breakpoint, data is updated immediately
if available. Examine the inputs when execution halts at a node.

You can insert the probe before running your VI to see the data. In
single-stepping, create a probe for an executed wire. The probe updates,
showing the wire contents. This is useful when you have set a breakpoint
on a node and you want to examine its inputs.

You cannot change data with the probe, and the probe has no effect on
VI execution.
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If you pop up on the indicator of the Probe window, find the associated
wire, by selectindgrind Wire, as shown in the following illustration.

nurnber: Ota 1

=0
EE321E-1 |

Fieinitizlize to Default
(Bt [ata

Copy Data

Easte [ata

If you select thé-ind Wire menu item, the block diagram containing that
wire comes to the front of all VIs and the wire is highlighted.

UseReinitialize to Default to reset the value displayed in the Probe
window to its default value.

Use theCopy Datamenu item to copy the data to other numeric controls
in the same VI or in other VIs.

Creating Probes

When you create a probe, you create a default-style probe to match the data
type of the wire. With numeric data types, for example, a digital indicator
probes the data of a wire.

If you prefer, select a control for the probe from the built-in controls, or
from controls saved as custom controls or type definitions. To do so, pop
up on the wire, sele@ustom Probe and select a control from tlzistom
Probe palette appearing to the right. If you cho8sdect a Control.., use

the file dialog box to select any custom control or type definition saved in
the file system. Type definitions are treated as standard custom controls
when used to probe data.
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Drezcription...
[Lieh Errars
|nzert 3

Create Constant
Create Contral
Create Indicatar
Probe

Only those parts of theustom Probepalette that might match the data

type of the wire are enabled. If you choose a control that cannot have the
same data type as the wire, this mismatch is signaled with a beep and the
probe is not created. For example, with arrays and clusters, you cannot use
the array and cluster shells from theay & Cluster palette, because they

are not completed data types.

Add your own palettes to the end of astom Probepalette, just as you
add them to th€ontrols palette. See ChapterGustomizing Your
Environmentfor more information on how to do this.

Placing Breakpoint Tools

You can place a breakpoint on a VI, node, or wire to set a pause to

occur during execution. Nodes include subVIls, functions, structures,
Code Interface Nodes (CINs), Formula Nodes, and attribute nodes. When
a block diagram has a breakpoint, execution pauses after all nodes on the
diagram execute. When a wire has a breakpoint, execution pauses after
data passes through the wire.

When you reach a breakpoint during execution, single-step through
execution using the step buttons, probe wires to see their data, change
values of front panel controls, or continue running to the next breakpoint
or until execution is completed. Clicking tRein button is an easy way to
continue execution to the next breakpoint or until the subVI is called again.
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To set a breakpoint, select the Breakpoint tool inTtis palette and then
click the block diagram, node, or wire. Click this tool on the same object at
any time to remove the breakpoint. The appearance of the tool indicates if
a breakpoint is set or cleared, as shown at the left.

The following table indicates how breakpoints display and when execution
pauses, in relation to where breakpoints are placed.

Table 4-2. Breakpoint Placement

Location of How Breakpoint
Breakpoint Is Highlighted When Pause Occurs

Block diagram| Red border around block When all nodes within the
diagram. If the diagram ig block diagram have
inside a structure, the re{ finished execution. In the

border is inside the case of loops, this pauses

structure as well. after each loop iteration.
Node Red border framing the | Just before the node

node. executes. At this point al

D

input signals into the node
can be probed with the

Probe tool.
Wire Red bullet in the middle | After data passes through
of wire. If a probe is the wire.

attached to the wire, the
probe has a red border.
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In the following example, the wire with the attached probe has a
breakpoint. The VI pauses after the probe displays data.

O Probe[2] H

o 1 OODDE+D 4]

In the next example, the Increment node has a breakpoint. The VI pauses
before Increment executes. One wire also has a breakpoint. The VI pauses
again after Multiply executes.

In the following example, the For Loop has a breakpoint. The VI pauses
after Multiply executes.
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When a VI pauses because of a breakpoint, its block diagram is brought to
the front (if the front panel was closed, it is opened as well), and the node
or wire causing the break is highlighted with a marquee.

Breakpoints save with a VI, but only become active during execution.

Suspending Execution

You can edit controls and indicators, execute the subVI as many times as
you want before returning to the caller, or go back to the beginning of the
subVI by suspending execution of a SubVI.

To set a subVI in suspend mode, open the subVI and check the
Operate»Suspend when Calledthenu item. This also is accessed by
popping up on the connector pane on the front panel while in run mode,
and selectingetup»Execution Options»Suspend when Called...

The subVI automatically suspends when it is called. If you check this
menu item when single-stepping, the VI does not switch into suspend
mode immediately.

If you want to suspend execution at a particular call to a subVI, use the
SubVI Node Setup...menu item from the pop-up menu of the subVI node,
instead ofSuspend when CalledTheSubVI Node Setup...suspends
execution at that particular instance of the subVI only.

Recognizing Automatic Suspension

A VI suspends automatically if, during its execution, a control or an
indicator goes out of range. The terminal or local variable causing the
out-of-range error is selected.

A subVI with a control or indicator set to stop on a range error has a
conditional breakpoint. If a range error occurs, the subVI pauses as if it
encounters a breakpoint. If no range error occurs, the subVI executes
normally.

When data passed to a subVI causes a range error, the front panel of the
subVI opens or comes to the foreground and the subVI remains in suspend
mode. At this time, the values on the subVI controls are the inputs passed
by the calling VI, and you can change the values if you want. In fact, you
must change them to run the subV!I if the range error indicator is on. The
indicators of the subVI display either default values or values from the last
execution of the subVI during which its front panel was open.
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Chapter 4 Executing and Debugging VIs and SubVls

Using Toolbar Buttons When SubVis Are Suspended

If you want to execute the current subVI before returning to the caller,
press theRun button (or select th®perate»Runcommand) while in
suspend mode. Repeat the execution as many times as you want.

When the subVI completes, the indicators display results from that
execution of the subVI. However, you can change the indicator values if
you want to return different values to the calling VI. In fact, the suspend
mode is the only time you can set values on indicators. ClidRehen to

Caller button again when you are ready to return the indicator values of the
subVI to the calling VI.

If you want to go back to the beginning of the VI, click 8iap to
Beginning button.

TheReturn to Caller button appears when a suspended subVI is not
executing. Click it to return to the caller VI. Notice you can return to a
caller without executing the current VI. If you want to execute it, be sure
to press thé&kun button before returning to the caller.

Viewing Hierarchy Windows During Suspension

The Hierarchy window displays an exclamation point glyph to indicate
a suspended subVI. The following illustration shows a subVI in the
Hierarchy window withSuspend when Calledn.

Disabling Debugging Features

To reduce memory requirements and to increase performance slightly,
you can compile a VI without various debugging features. To do this, go to
VI Setup»Window Options from the connector pane pop-up menu on the
front panel and deselect the checkboxAtbow Debugging.

Commenting out Sections of Diagrams

In some cases, you might want to execute a VI with a section of the block
diagram disabled. The easiest way to do this is enclose the section of
diagram you want to disable in a Case Structure with a constant Boolean
wired to the selector. Put the diagram you want to disable in the frame of
the Case Structure that does not execute.

If the Case Structure produces any data values, create constants for the
output tunnels.
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This chapter describes a variety of issues involving printing and VI
documentation.

Printing

There are four primary ways to print VIs in G.

e Use thePrint Window... menu item to make a quick printout of the
contents of the current window.

» Make a more comprehensive printout of a VI, including information
about the front panel, block diagram, subVIs, controls, VI history, and
S0 on, by selecting therint Documentation... menu item.

» Use the programmatic printing feature to make VIs automatically print
their front panels under the control of your application.

» Use the VI Server to programmatically print a VI window or VI
documentation.

In addition, you can use the Serial Port VIs to send text to the printer if your
printer is connected to a serial or parallel port; doing so generally requires
some knowledge of the command language of the printer.

In Windows and UNIX, another option for printing text is to use the System
Exec VI located ifFunctions»Communication On the Macintosh, use

the AESend Print Document VI locatedinnctions»Communication»
AppleEvent. In Windows, use ActiveX automation to tell another
application to print data.

Printing Configuration

There are two dialog boxes that affect the appearance of all printouts,
regardless of the method you use to print: the Preferences dialog box and
the Setup dialog box.

You use the Printing dialog page of the Preferedizdsg box to configure
printing options.
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To configure printer-specific information and formatting, useRfieter
Setup... (Page Setupon the Macintosh) menu item from tRiée menu.

For example, with most printers, you change the orientation of printouts
(landscape versus portrait) using this dialog box. Many printers also have
options for font substitution, paper size, and other printer specific settings.
Printer Setup... (Page Setugfor the Macintosh) settings are saved with
your VI.

PostScript Printing

If you have access to a PostScript printer, you might wish to select the
Edit»Preferences»Printing»PostScript printingitem rather than using
other output options.

A PostScript printer offers the following advantages.

e PostScript printouts reproduce the image of the screen more
accurately.

e PostScript facilitates high resolution graphs.
e PostScript reproduces patterns, line styles and fonts more accurately.
You use the Preferences dialog box to indicate if you want to use PostScript

printing. See Chapter Gustomizing Your Environmerior more
information on the Preferences dialog box.

Printing the Active Window

Use thePrint Window... menu item to print out the contents of the
currently active window (front panel or block diagram). Using this menu
item, you can make a quick printout with the minimum number of prompts.
For more comprehensive printouts of VIs, &t Documentation....

Print Window... formats the printout to look the same as it does when you
set the VI to print programmatically. TEecution Optionssection of the

VI Setup dialog box contains a few options which give more control of the
way your VI looks when you print programmatically or usirint
Window.... See théSetting Page Layowgection later in this chapter for
information on these options.
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Documenting Vis

This section describes printing your VI documentation, on paper or to RTF
and HTML files, and related information on formatting graphics files.

Printing Documentation

ElE

o=
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If you want a detailed printout of the contents of a VI, use
Print Documentation..., shown in the following illustration.
Use the dialog box to select from several VI formats. You also
can create your own custom format.

[E=! Print Documentation

Select a format:

lcon, Description, - ;
Panel and Diagram Complete Documentation

_-UsingtheF'aneI o 9 Custom Donfipus i

Using az a Subvl
Destination ‘I Printer "I
v Scale Front Panel ta Fit I Frint Header [hame/date/page #)
¥ Scale Block Diagram to Fit ™ Page Breaks between Sections

[+ Print Section Headers

Frint... I Frewiew... | Cancel

Setting Printout Formats

The Print Documentation dialog box has five different print formats, as
well as a custom option to create your own format. The icon for each of

these formats is shown to the left of the description.

Thelcon, Description, Panel, and Diagranformat (the default) prints the

icon, VI description, front panel and block diagram.

TheUsing the Panefformat prints the front panel, VI description, and the

control names and their descriptions.
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TheUsing as a SubViformat prints the icon, connector, VI description,
and the terminals (data types), names, and descriptions of the connected
controls. This format is similar to the G function reference format.

B

oo
III
1

The Complete Documentationformat prints everything, including the
? icon, connector, description, front panel, information about all front panel
controls, the block diagram, and a list of the names of the subVis.

The Custom format prints using the current custom settings. Change the
’? custom settings by selecti@pnfigure... after you select the custom menu
L item. See th€reating Custom Print Settingection in this chapter for

information on this dialog box.

The Destination selection box gives you a choice of sending to Printer,
HTML File, RTF File, or Plain Text File. See tReinting/Exporting
Control and VI Descriptions to an RTF or HTML Fdection of this
chapter for more information ddestination features.

Setting Other Print Options

The Print Documentatiodialog box contains several page-layout options
to control scaling, page breaks, and headers for the printout. These are
described as follows.

Scale Front Panel to FitandScale Block Diagram to Fit—When set
through this menu item, the front panel and/or block diagram can be scaled
down to one-fourth the original size to better fit on the pages.

Print Header—Prints a header at the top of every page. This header
includes the page number, the VI name, and the last modification date of
the VI.

Page Breaks Between Sectionsinserts a page break between the
following sections.

e Connector icon and description
e Front panel

e List of front panel control details
e Block diagram

* Block diagram details

e VIl hierarchy

e List of subViIs
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Print Section Headers—Prints a header for each section (for example,
a heading such as List of SubVIs before the subVI information). When
printing usingPrint Documentation, this selection is set automatically for
each format.

Creating Custom Print Settings

To bring up the Custom Print Settings dialog box, selec@tistom button
in the Print Documentation dialog box. After you seféastom, the
Configure button is activated. Click this button to see the dialog box
shown in the following illustration.

Custom Print Settings

1+ )
| Izon and Description | B15-0| Elock Diagram

(€ Y1 Connector and lson E Hidden Frares
E W1 Dezcription

i i
[} Front Panel
E Surround Fanel Y'ith Border D W1 Hierarchy
: =l

==| Lizt of SubWls

D Repeat Higher Lewel Frames

O Yl History

Layout Options
[] Scale Front Panel to Fit (9] Print Page Header (name, date, page )

E Scale Block Diagram to Fit D Page Brreaks between Sections

E Frint Section Headers

l Print... l Preview...
Save Text Info... Cancel

This dialog box displays the categories of items you can print. These
categories are listed in the order they appear on the printout. In addition,
the page layout options in this dialog box control scaling, page breaks, and
headers for the printout.

The icon for each of the custom print setting menu items is shown to the left
of the description.

TF Icon and Description

VI Connector and Icon—Prints a picture of the VI icon along with
its inputs and outputs.

VI Description —Prints the VI description.
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Front Panel—Prints the front panel.

Controls—Prints a list of the names of the controls and indicators. When
an array, cluster, or refnum is encountered, the subcontrols are printed.

Select the following menu items from the pop-up menu.

¢ all contrals
connected contrals

Descriptions—Prints the descriptions next to the control names.

Include Data Type Information—If you print to the printer, then the
terminal for each control is printed to the left of the control name. If
you save to a text file, the data type is printed after the description.

Block Diagram—Prints the block diagram.
Hidden Frames—Prints the nonvisible frames of Case Structures and
Sequence Structures.
Repeat Higher Level Frames—When printing nonvisible frames,
prints the visible ones again, in sequence.

VI Hierarchy —Prints a description of the current VI hierarchy in
memory, with lines showing connections between VIs and their subVils.

The current VI is highlighted with a box.

List of SubVIs—Prints the icon, name, and path of all subVIs used.

VI History —Prints the history information, if any, for the current VI.

Programmatic Printing

G Programming Reference Manual

If you want to print something under the control of your VI, rather than
interactively as with the Print Window and Print Documentation dialog

boxes, there are two ways to accomplish this.

« Using programmatic printing you can set a VI to automatically print its
panel every time it completes execution.

e Using the VI Server, you can print the panel or documentation of
any VI.

5-6 © MNational Instruments Corporation



Chapter 5 Printing and Documenting VlIs

To implement programmatic printing, sel€@perate»Print at
Completion.

When this option is on, the VI prints the contents of the front panel any time
the VI completes execution. If the VI is a subVI, it prints the panel when
that subVI finishes execution, before it returns to the caller.

Controlling When Printouts Occur

In some cases, you do not want a VI to print out every time. You might
want it to occur only if the user presses a button, or if some condition
occurs, such as a test failure. You also might want more control of the
format for your printout. Or, you might want to print only a subset of the
controls, or even just one specific control.

You can create a subVI whose panel is formatted the way you want the
VI to look. Instead of selectinQperate»Print at Completion on your VI,
select it from the subVI. When you want a printout, you can call the subVI,
passing the data to it to be printed out.

With this organization, you have complete control of the printout
appearance, using G controls and tools to create very simple or complex
printouts.

An alternative method of controlling when printing occurs is to use the
VI Server print methods. With these options, you can print any VI at any
time. See Chapter 2¥] Servey for more information.

Enhancing Printouts

Using transparency and the Color tool, you can hide portions of controls
you do not want to be visible in your printouts. For example, use
transparency to simplify the appearance of the edges of controls.

Use graphical objects from tBbecorationspalette to highlight sections of
your printout. For example, you might surround a section of controls with
a box to set it off from the remainder of your panel.

You also can use bitmapped graphics to customize your printout, adding
elements such as company logos to your report.

Setting Page Layout

The settings ifedit»Preferencesand inPrinter Setup (Page Setugfor
the Macintosh and UNIXaffect the appearance of your printouts.
UseVI Setup»Execution Optionsto implement or disable some layout
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options affecting the appearance of your printout. These page layout
options, shown in the following illustration, also affect the behavior of the
Print Window... .

[~ Print Panel *when | Completes Execution
[+ Frint Header [name, date, page #]
[+ Scale ta Fit
[w Surround Panel with Border
[+ Page Margins Tap
7% inch
Comm e[0.00 |[0.00 |Right

Biottom

ThePrint Panel When VI Completes Executionmenu item is another
way to turn on programmatic printing.

If you selectPrint Header, a header including the VI name, the last
modification date, and the page number appears at the top of each page.

If you selectScale to Fit and the panel is bigger than a single page, the
printout scales down to as little as one-fourth the original size to fit the
panel on as few pages as possible.

If you selectSurround Panel with Border, a box prints around the panel.

If you selectPage Marginsyou can set absolute margins for printouts in
terms of inches or millimeters. All four margins can be specified separately.
Margins are limited by physical parameters of the printer. If you try to set
margins smaller than the printer permits, the actual margins used are the
minimum permitted by the printer.

Using Alternative Printing Methods

You might find the previously mentioned method of printing is not

appropriate for your application. There are some additional techniques that
address various printing concerns.

For example, the previous method of printing is geared towards printing an
entire page of data. In some applications, you might prefer to print data on
a line-by-line basis. If a line-based printer is connected to your serial or
parallel port, use the Serial Port VIs to send text to the printer. Doing this
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generally requires some knowledge of the command language of the printer
but works well for a number of applications developed by G users.

If printed results are not what you want, consider using another application
to print your data by saving the data to a file and then printing from the
other application.

For more details on alternative printing methods,té&e can | print a
string?in Appendix B,Common Questions About G

Printing/Exporting Control and VI Descriptions to an RTF or HTML File

You can print or export VI descriptions and controls to Rich Text Format
(RTF) and Hyper Text Markup Language (HTML) file formats. This is
useful since you can import RTF into most document-publishing software.
RTF files also are the source for online help files. Use the HTML format
for online documents, especially those you intend to publish on the World
Wide Web.

When you print documentation to an RTF file, you can specify whether you
want to create a file suitable for online help files (online reference) or for
word processing. In the word processing format, graphics are placed in the
document. When you print your documentation in RTF format for online
help files, the graphics are saved to external bitnipR) files. For

HTML documentation, all graphics are saved externally in the JPEG
(.JPG) or Portable Network Graphic(G) file formats.
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To print your documentation in RTF or HTML format, seleite»Print
Documentation The following dialog box appears.

EE Print Documentation

¥ Scale Front Panel to Fit
¥ Scale Block Diagram to Fit

Select a Format:
L L?;:élgisdcg?;igogm e Z. Complete Documentation
¥ Uzing the Panel e ? Cuztom Configure. .. |
P Jzing az a Subv|
Destination | « Printer |
HTHL File

t Header [name/date/page #]

Plain Test File e Breaks bebween Sections

V¥ Print Section Headers

Frint... I

Presvigw. .

Caticel

Figure 5-

1. Print Documentation Dialog Box

SelectDestination as RTF File or HTML File.

If you select RTF File, the dialog box shows the additional following
menu items. Save your file in an online help format by selecting the

Help compiler source (i
graphics to an external
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Documentation

Select a format:

|con, Description, ~ ;
Panel and Diagram I?,f Complete Documentation
.| Uszing the Panel o ? Cuistom Configme. .
. H P e
S !
| == | Uzing as a Subv|

Diestination ! RTF File vi

™ Help compiler source (images written extemally)

Depth | 256 colors =l

Frint... I Presvigw. . | Caticel |

Figure 5-2. Print Documentation Dialog Box, RTF File

If you select HTML File as the format for your control and VI
documentation, the dialog box appears as shown below.

EE Print Documentation

Select a format:

|zon, Description, =
Fanel and Diagram

Complete Documentation

_-LIsingtheF'aneI - 9 Custan andigue, %

[ e

zing az a Sub|

Diestination ‘I HTHL Filz vi

Image Format | JPEG [lozsy) =l

Depth I 2586 colors _w_r!

Frint... I Presvigw. . | Caticel |

Figure 5-3. Print Documentation Dialog Box, HTML File

You can select the format of the graphics files as well as the color depth.
The JPEG format has good compression, but can lose some image detail.
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This format works best for photos. For line art, panels, and diagrams,
JPEG compression can result in fuzzy images and uneven colors. Images
in JPEG are always 24-bit. If you choose a lower color depth with JPEG,
black-and-white for example, images capture with the requested depth but
the result is still a 24-bit image.

The PNG format also has good compression, although not always as good
as the JPEG format. However, PNG compression does not lose any detail.
Also, it supports 1-bit, 4-bit, 8-bit, and 24-bit images. For lower-bit depth,
the resulting image compresses much better than JPEG. The PNG format
was developed to replace the GIF format. While it has a number of
advantages over both JPEG and GIF, it is not as well supported.

If you want the graphics in your HTML files saved in the GIF format, you
can convert the graphics using one of several shareware graphics-format
converters. In this case, modify HTML to refer to the GIF images with the
correct extension. If you choose to produce GIF images in this way, we
suggest you start out with PNG images because they are lossless
reproductions of the original graphics. Then convert those to GIF. Because
of licensing issues, GIF is not directly supported, but might be in the future.

When you save documentation for the VI, a dialog box appears
prompting you for the name of the document. The default name of any
documentation you save in RTF or HTML includes the name of the VI with
an.rtf  or.html extension in the file name, respectively (suchlas
Clear.rtf ). (Any documentation you save in HTML on the Windows 3.1
platform includes the VI name with amm extension.)

The following table is based on an example and lists the VI parameters and
their associated JPEG file names. If you select a JPEG graphic format while
saving a VI named Test, the following JPEGs result.

Table 5-1. Resulting JPEGs

VI parameter JPEG name
Vlicon testi.jpg
VI connector testc.jpg
VI front panel testp.jpg
VI block diagram testd.jpg
VI hierarchy window testh.jpg
Subvi icons name of subVl ~ +i.jpg
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Images for control and indicator terminals are saved to image files with
consistent names. Thus, if your VI has multiple inputs of the same type, you
end up with a single image file for each of the terminals. For example, if
your VI has three int32 inputs, a singld2.jpg  file is created.

The specific naming scheme is as follows. The first lettecistaani ,
depending upon whether the terminal is for a control or an indicator.

If the terminal represents an array, the letter is followed by the terminal’s
dimensionality (such &&d). Then follows a short name representing the
data type. Following are some examples of image file names.

Table 5-2. Image Naming Scheme Examples

Name Terminal
ci32.jpg control, int32
i2di32.jpg indicator, 2d array of int 32s
c3dstr.jpg control, 3d array of strings

Programmatic RTF and HTML files

For information on creating RTF and HTML files programmatically, refer
to Chapter 2,1VI Server This chapter also contains information on the
export and import of strings for multiple Vls.

Localization Issues

By localizing the strings on the front panel of a VI, you also can localize
the VI printouts. For more information on localizing VI strings, see the
VI localization section of Chapter 2Bprtability and Localization Issues

Creating Your Own Help Files

You can create your own online help or reference documents with the right
development tools. Help documents are based on formatted text
documents, and you can enter topics in these documents to create
connections to your VIs.

The source files for all platforms must be in Windows Help format. It is
possible to create help documents for multiple platforms.

When you create source documents, you use a help compiler to create a
help document. If you want help files on multiple platforms, you must use
the help compiler for the specific platform on which you intend to use the
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file. You can use any of the following compilers. The Windows compilers
also include tools for creating help documents.

*  (Windows) RoboHelp from Blue Sky Software, 800 677 4946
for international customers, 619 459 6365

¢ (Windows) Doc-To-Help from WexTech Systems, Inc., 800 939 8324
¢ (Macintosh) QuickView from Altura Software, 408 655 8005
e (UNIX) HyperHelp from Bristol Technologies, 203 438 6969

Once you create and compile your help files, you can link them directly to
a VI. Pop up on the VI connector pane of the VI which you want to link a
help file with and seled?l Setup»Documentation Select thédelp Tag

box and type the topic link in the help file. Choose the help file by clicking
theBrowse... button. The file path appears in tHelp Path box.
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This chapter describes how you customize VI behavior using tSetdp
andSubVI Node Setupdialog boxes.

Creating Pop-Up Panels

A single front panel is sometimes too restrictive to present numerous
options or displays. To solve this problem, organize your VIs so the
topmost VI presents high-level options and subVIs present related options.

When G calls a subVI, ordinarily it runs without opening its front panel.
You use thé&/I Setup or SubVI Node Setupdialog boxes to make a subVI
open its front panel when the subVl is called and close the front panel when
the subVI completes execution.

You access th¥l Setup dialog box by popping up on the VI icon in the
top right of a front panel and selecti¥gSetup..., as shown in the
following illustration. You must be in edit mode.

s
g

Edit [con... Eg

Show Connechor

Sld ermitial

FEemave Temital
Eatterts 3
HatatedliMegress

i Hierzartal

Flip tertical

[Neconnest &llNemmiralE

[Neconnest e Demima
Tite Eonnestion|s 2
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This dialog box contains several options for customizing the look and
behavior of the VI. Use the ring at the top of the dialog box to select from

four different option categoriesExecution Options Window Options,

andDocumentation

VI Setup Options

This section describes options in the execution, visual context,
documentation, and menu-item customization of your Vls.

Execution Options

Initially, the VI Setup dialog box presents you with execution options for

the current VI. Thé&xecution Optionsare shown in the following

illustration.

| Execution O ptiohs Bl

[~ Show Frant Panel when Loaded
I~ Show Front Panel when Called
I e i
[ Bun'when Dpened
I~ Suzpend When Called

I~ Reentrant Execution

Friority

Preferred Execution System

[~ Print Panel when %1 Completes Execution
[+ Print Header [name, date, page H]

[ Scale to Fit

V' Surround Panel with Border

" Page Margins

| rormal priority

JEI

standard =l

[ ox ]

Cancel I

If you want a subVI panel to open as soon as the top-level Vl is loaded, turn

on theShow Front Panel When Loadedption.

Two of the most useful options of this page ahew Front Panel When

Called andClose Afterwards if Originally Closed. If you turn these

options on for a subVI, that subVI front panel opens automatically when
the subVlis called and then closes automatically if it was originally closed.

TheRun When Openedoption sets up a VI to start running automatically

when it opens.
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Setting theSuspend When Calledption is the same as selecting
Operate»Suspend When CalledThis debugging option is described in
theDebugging Featuresection of Chapter £xecuting and Debugging
VIs and SubVls

TheReentrant Execution,Priority andPreferred Execution Systernare

fairly advanced features affecting the way a VI executes. You need them
only in special applications. These options are described Reetrant
Execution OvervievandVI Setup Prioritysections of Chapter 26,
Understanding the G Execution Systeaspectively. Another advanced
execution feature iswltithreading,in which simultaneous execution of
several VIs takes place while the VIs still respond to mouse and keyboard
input, and CPU time shares evenly among the execution threads. This
feature also is described in Chapter@fderstanding the G Execution
System

Use the remaining options to print your VI when executed and customize
the way it looks when printed. Programmatic printing is discussed in detail
in theProgrammatic Printingsection of Chapter Brinting and

Documenting Vls

Window Options

The window options apply to the VI when it is executing, but not in edit
mode. Use these options to control the ability of a user to interact with the
program by restricting access to G features, and by changing the way the
window looks and behaves. You can make your VI look and act like a
dialog box, because the user cannot interact with other windows while this
window is open. You also can remove the scrollbars and the toolbar, and
set a window to be centered or sized automatically to fit the screen.

You can customize the VI window title to make it more descriptive than the
VI file name. This feature is important for localized VIs if the VI window
title might be translated to the local language. To change the VI window
title while you are editing the VI, sele¢t Setup andwWindow Options
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from the top ring, as shown in the following illustration. Deseberhe as
VI Name and type in the desired VI window title.

B! VI Setup

I ‘window Options _vl

I~ Dialog Box ¥ Show Scroll Bars
¥ Window has Title Bar [ Show Menu Bar
[v Al Ulser to Cloge Window v Show Toolbar
v llowe User to Resize Window ¥ Show Run Buttan
[+ Allow Run-Time Pop-up Menu v Show Continuous Run Buttan
[~ Hilite <Return: Boolean [ Show Abaort Buttan
[~ Size to Sereen Jw Allow Debuoging (Compile in debugging code)
[~ Auto-Center |w Enable LogPrint at Completion
window Ti ¥ &uto handling of menus at launch
’7 i i [ Same as ¥l Name

Ok I Cancel |

TheDialog Box option prevents the user from interacting with other
windows while this is open, just as a system dialog box does.

Notice that on UNIX, this menu item does not prevent you from bringing
windows of other applications to the front. There is no way to make a
window stay in front of all other windows.

Allow Run-Time Pop-Up Menu determines if objects on this front panel
display a pop-up menu of data operations in run mode.

When you select thiilite <Return> Boolean menu item, highlighting
occurs on any Boolean currently associated witkEmger> (Windows and
HP-UX), or<Return> (Macintosh and Sun) key. You associate keys with
controls using the Key Navigation dialog box, described irkehe
Navigation Option for Controlsection of Chapter 8atroduction to Front
Panel Objects

TheSize to Screemmenu item automatically resizes the panel of a VI to fit
the screen when you run the VI. The VI does not retain a record of its
original size and location, so it stays in the same place when it switches
back to edit mode.
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Auto-Center automatically centers the front panel on your computer
screen.

Other menu items toggle between showing and hiding various window
features. Hide individual buttons by deselecting them, or hide the entire
toolbar by deselecting ttighow Toolbarmenu item.

Enable Log/Print at Completion enables or disables automatic data
logging (see th®ata Logging on the Front Panséction in Chapter 4,
Executing and Debugging VIs and SubVis)d programmatic printing
(see theProgrammatic Printingsection in Chapter Brinting and
DocumentingVIg

To change the VI window title programmatically, refer to Chapter 21,
VI Server

Deselectinghuto handling of menus at launchdisables the runtime menu
bar until you are ready to handle menu selections using the Get Menu
selection function. Sedenu Selection Handlinkgter in this chapter for
more information.

A Caution  If you hide the menu bar and the toolbar, there is no visible means of changing
from run mode back into edit mode. Use th€trl-m> (Windows); <command-m>
(Macintosh); <meta-m> (Sun); or <Alt-m> (HP-UX) hot key corresponding to the
Operate»Change to Edit Modemenu item to change the VI back to edit mode,
where the menu bar and palette are visible.
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Documentation Options

The dialog box iVl Setup»Documentation shown in the following
illustration, presents you with menu items concerning entries made to the
History window, which displays the development history of the VI. For
information on the History window, see tiiéHistory Windowsection in
Chapter 27Managing Your Applications

B VI Setup

I Documentation _vl

I_ Usge History Defaults [In Preference Dialogﬂ Help Tag
[~ idd an entry every time this ¥l iz saved I

[~ Prampt for comment when this ¥ is closed Help Path

I~ Prompt for comment when this Y is saved
[~ Record comments generated by LabiWlEWw I

Browse... |

0k | Cancel |

To use any of the history items in thecumentationmenu,Use History
Defaults (In Preferences Dialoginust be deselected. If you select this, the
history preferences are used instead. The history preferences are identical,
except that they set up the defaults used when you create any new VI,
although the VI Setup documentation menu items apply only to the

current VI.

If you checkAdd an entry every time this VI is savedan entry is added

to the VI history every time you save the VI. If you do not enter a comment
in theComment box of the History window, only a header is added to the
history. The header contains the revision number, the date and time, and the
name of the VI if the menu item is checked in Breferences»History

dialog box.

If you check thePrompt for comment when this VI is closedption, the
History window appears. You can enter a comment when you close a VI
that has changed since you loaded it, even if you saved the changes.
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If you check théPrompt for comment when this VI is savedption, the
History window appears when you save. This is useful if you prefer to
comment on your changes when you finish making them instead of as you
are editing. If you do not set this option, you cannot change the history of
the VI after you selecdaveuntil the save is finished.

Note You are not prompted to enter a comment when you save or close a VI if the only
changes you made were to the history.

The items to the right of thél Setup»Documentationdialog box create
access to online help files you created. Put your cursor khetipeTag box

and type in a topic to display for this VI. Then type in the path to the help
file in theHelp Path box, or click theBrowse... button and find the file.

The filename and path of the file appears inHieép Path box. After you

set these menu items, click the online help icon at the bottom of the Help
dialog box to access the help file you selected. See Chaptenting and
Documenting VIsfor information on creating your own help files.

SubVI Node Setup Dialog Box

The following dialog box appears when you sefabVI Node Setup...
from the node pop-up menu of a subVI on the block diagram.

S5ublll Node Setup

[] 0pen Front Panel when loaded

[]Show Front Panel when called

[] Suspend when called

These menu items are a subset of the items in the VI Setiag box.

The difference between the two is you use the SubVI Setup dialog box to
specify items relating to a specific call to a subVI. However, you use the
subVI execution items of VI Setup to specify the behavior of all calls to
that VI.
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Customizing the Menubar

You can customize the menubar for every VI you build, although you can
see the custom menubars only when the VI is running.

There are two parts to customizing menus—creating menus and handling
menus.

You can build custom menus in two ways—statically at the time of editing,
or dynamically at run time. You can statically create a custom menu
template and store itin a file called the run-time menu (RTM) file using the
Menu Editor (see th®lenu Editorsection in this chapter for more
information). The Menu Editor also lets you associate a RTM file with the
VI in question. When the VI runs, it loads the menu from the associated
RTM file. You can insert, delete and modify menu items programmatically,
at run time, from the diagram using G functions (sedyreamic Menu
Functionssection in this chapter for more information).

The diagram handles custom menu items. Each menu item has a unique
case-insensitive string identifier called a tag. Whenever you select a menu
item, you can retrieve the tag of the selected menu item programmatically
using the G functioet Menu Selection(see theMenu Selection

Handling section in this chapter for more information). Based on the tag
value, you can provide a handler in the diagram for each of the menu items.

Note Custom menu bars also are referred to as run-time menus.

Menu Editor

The Menu Editor provides an interface to create and edit RTM files and
associate them with the VI in question. You invoke the Menu Editor on a
VI by selectingedit»Edit Menu.... Currently, you can associate 3 types

of menus with a VIDefault, Minimal andCustom types as shown in

Figure 6-1. The Default option provides the standard menu. The Minimal
option removes the infrequently used items from the standard menu. The
Custom option lets you associate a RTM file with the VI. The Default and
Minimal types cannot be edited.
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EE Menu Editor - Untitled.rtm™
Fie Edt Help Dzl

Minirnal
[/ Coion

Freview: | File Edit

- Fils =B Item Properties
+ Mew 1 | ltem Type:
I User [kem vl
+ [l
. DSE ___________ Item Mame :
* Euit |Dpen
= Edit .
+ Unda Item Tag :
+ FRedo |Open
s T | ¥ Enabled
* Copy ™ Checked
* Paste Shartcut [Press key combination) :
* Clear
P = | lcu+0

Figure 6-1. Menu Editor

The Menu Editor displays the menu hierarchy on the left hand side and the
properties of the menu item selected from the menu hierarchy on the right

hand side. You can view the menu as it appears at run-timeRPnethiew

area. You can insert a new menu item by clicking the button from the tool

bar shown at left, or by selecting the insert options fronetiemenu.

A menu item can be of three typésser Item Application Itemor
Separator You can change the type of a menu item by choosinglfeam
Type ring.

A User Item can be handled programmatically in the diagram. It has a
name, which is the string appearing in the actual menu, and a tag which is
a unigue case-insensitive string identifier. A tag identifies the User Item in
the diagram. For ease in editing, whenever you enter a name it is copied to
the tag. However, you can always edit the tag to make it different from the
name. In order for a menu item to be valid, its tag must have a value. Invalid
menu items are shown @8?. The Menu Editor always ensures the tag is
unique to a given menu hierarchy by appending numbers when necessary.

A User item can be enabled or disabled, checked or unchecked, by setting
the respective attributes. You can set a shortcut (accelerator) for a User item
by typing an appropriate key combination. The shortcut has the

<Menu Key[-Shift]-key> format.

Note PC users can use underscores in item names to facilitate menu selection using the
<ALT> key. For example, to select an item named File/Exit using < ALT+F+X>,
use _File and E_xit as the item names.
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Note Shift key and function keys in shortcuts do not show up under the Macintosh OS 7
or lower. To make menus portable on the Macintosh OS 7 avoid using shift or
function keys in shortcuts

Note On the Macintosh platform, all items in the menubar must be pull down menus.
However, Windows 95/NT and UNIX users can create selectable items in the
menubar. Avoid using selectable items in menubars on the Macintosh.

Lzer [tem
Separator

File [
E dit [
Operate  p
F'rljiEu::l 3
[
[

Entire Menu

Windows
Help

Usger Project ¥l *

Show %l Hierarchy

E Callers
Thiz W'z Subils k
Unopened Subylz
Unopened Type Defs

Find...

Show Search Results
Fitid Mext

Fird Previous

Show Profile Window
Compare Wls...
Show Differences

Figure 6-2. Choosing an Application Item

An Application Item is one provided by the G-language software. These
are the items that are part of default menu. To select a particular item,
choosdtem Type»Application Item and follow the hierarchy as shown in

the illustration. You can add individual items or entire submenus by using
this process. Application items are handled implicitly by the software.
These item tags do not show up in diagrams. You cannot alter the name, tag
or other attributes of an Application item. The software reserves tags
starting withAPP_for Application items. The tags for Application items

are listed in Table 6.1 at the end of this chapter.

A Separatoritem inserts a separation line in the menu. You cannot set any
attributes for a Separator item.

You can move items in the menu hierarchy by clicking the arrow buttons
in the tool bar or using the hierarchy manipulation optiorisdih menu or
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by using simple drag and drop. Hierarchies can be collapsed or expanded
for viewing comfort by clicking the submenu glyphs or choosing from
expand/collapse options Edit menu.

You can load or save RTM files using options fromRte menu. You can

use theedit menu options to cut, copy, paste, insert and delete menu items
(seethe Menu Editor Menu Optionsection in this chapter for more
information). You can get help on any control in the Menu Editor by
choosingHelp»Show Helpand pointing the mouse at the control in
guestion.

Menu Editor Menu Options
The following options are available in tRde menu.

Open—Opens an existing run-time menu file. Opening a RTM file
causes the Menu Editor to switch to Custom type.

New—Creates a new run-time menu file. Prompts to save any
previously edited RTM file.

Save—Saves the current run-time menu.
Save As—Saves the current run-time menu to a different file.
Close—Exit the Menu Editor.

The following options are available under tdit Menu.

Cut—Delete the currently selected menu item or text and copy it to
clipboard.

Copy— Copy the currently selected menu item or text to clipboard.
Copy Entire Menu— Copy the entire menu hierarchy to clipboard.
Paste—Paste the contents of clipboard.

Collapse/Expand—Collapse or Expand the currently selected
submenu item.

Collapse All—Collapse all submenu items.
Expand All—Expand all submenu items.

Insert User Item—Insert a user menu item past the selected menu
item.

Insert Separator— Insert a separator item past the selected menu
item.

Insert Application Item — Brings up a submenu to select from one of
the available application items.

Delete Item—Delete the selected menu item.
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Make Super Item—Makes the items following the selected item as
sub-items of the selected item.

Make Sub ltem—Make the selected item a submenu item of the
preceding menu item.

Move Item Up—Move the selected item up. If the selected item has
sub-items, they are moved along with the selected item.

Move Iltem Down—Move the selected item down. If the selected item
has sub-items, they are moved along with the selected item.

Menu Editor Tool Bar Options

The following options are available under the toolbar.

Insert a user menu item past the selected menu item.
Delete the selected menu item.

Make the items following the selected item as sub-items of the selected
item.

Makes the selected item a submenu item of the preceding menu item.

Move the selected item up. If the selected item has sub-items, they are
moved along with the selected item.

Move the selected item down. If the selected item has sub-items, they are
moved along with the selected item.

KT EX i A Gy P C

Menu Selection Handling

This section provides a detailed description ofGlee Menu Selection
andEnable Menu Tracking functions, descriptions of which appear in the
Menu Selection Handling Functiossction later in this chapter. The

@ functions operate on menus identified by a refnum. The menu refnum of a
VI is obtained through the constant current VI menu, shown at left, and in
the following illustrations, Figure 6-3 and Figure 6-4.
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Current ¥1's Menu

Get Menu Selection|

MEMLI

L3

T about” pf

abiout
dig

Get Menu Selection polls for the user to select a menu item and provides the
tag [ztring) of the selectad menu itern. Get Menu Selection imes out after
200 iz by default. The tag iz wired to a Case structure wherein each menu
zelection iz handled as a separate caze. |n this caze, the "About' item

iz handled ta bring up the About Dialog.

[TE]

Figure 6-3. Get Menu Selection Function

Once you select an item, you cannot select another item ur@etidenu

Selectionfunction reads the first item. However, once an item is read, you
can select a new menu item, even if the previous item has not processed.
This is not usually done when it takes a while to process a selection. Under
such conditionsiet Menu Selectionis invoked under block menu mode,
wherein menu tracking is blocked out after a selection is read. The menu is

enabled after you process the selection usingttadle Menu Tracking
function, as shown in the following illustration.

- "FFT"
Gt Menu Selection) RLEFT M Enable Menu Tracking
HERT HERL
4 X &
H FFT 220
block menu [coB] |- F{H) | [co8]

Get Menu Selection iz invoked in "block menu” made, After reading the tag of the
mast recently selected menu item, Get Menu Selection disables menu tracking until
it iz enabled uzing the Enable Menu Tracking function. Thiz allows the current meanu
itern to be proceszed completely before the uger can select anather item.
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Menu Selection Handling Functions

E

The following Menu Selection Handling functions are available.

Get Menu Selection

Returns thetem tag of the last selected menu item, optionally waiting
timeout milliseconds . Item path is a string describing the position of
the item in the menu hierarchy, which is the format of a list of menu tags
separated by a colon (:).bfock menuis set to True, Menu selection is
blocked out after an item tag is read.

gremmsesss s timed au;
menubar MEMU |—— menubar out

g bimeout [200] ... Z k m..L": itern tag

block meru [F] - pres— itern path
&rmar in [no errar) mjm :L 2lrar oLt

Enable Menu Tracking

Enables or disables tracking of menu selections.

menubar FEML ———

enable [T] -] %
eror in [no emar] == | [ arror ot

The functions operate on menus identified by a refnum. The menu refnum
of a VI is obtained through the menu of the constant current VI, shown at
left. Items are identified by an item tag (string) and sometimes by an item
path (string), which is a list of item tags from the menu tree root up to the
item and separated by colons.

Dynamic Menu Functions

While a VI executes, you can change items in the VI menubar by using the
menu management functiohsert Menu Items, Delete Menu Items

Get Menu Item Info, Set Menu Item Info, andGet Menu Shortcut Info.

You find these functions on thgpplication Control palette, which you
access hy selectirfgunctions»Application Control. The functions

operate on menus identified by a refnum. The menu refnum of a Vl is
obtained through the menu of the constant current VI, shown at left.
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Insert Menu ltems
Inserts menu items into a menubar or a submenu within the menubar.

menu kag
_ menubar MERLT menubar out
'tE“"_t"a't“ES mg“g +H item tags aut
ke tags — B= arrar out
Error in [ho error) ====jm
after iterm

Menu tag specifies the submenu where items are inserted. If you do not
specifymenu tag the items are inserted into threnubar.

Item namesanditem tagsidentify the items to be inserted into the menu.
The type oftem namesanditem tagscan be an array of strings (for
inserting multiple items) or just a string (for inserting a single item). You
can wire in either th#em namesor item tags in which case both names
and tags get the same values. If you require a different name and tag for
each item, you must wire in separate valueg#téon namesanditem tags

After item specifies the position where the items are insefdr item

can be a tag (string) of an existing item or a position index (zero based
integer) in the menu. To insert at the beginning of the menu, wire a number
less than O tafter item. To insert at the end of the menu, wire a number
larger than the number of items in the menu. You can insert Application
items by using application tags from Table 6.1 at the end of this chapter.
You can insert a separator using the applicatioar®y SEPARATORT he
function always ensures that the tags of all the inserted menu items are
unique to the menu hierarchy by appending numbers to the supplied tags,
if necessary.

Item tags outreturns the actual tags of the inserted itemmelfiu tagor
after item (tag) is not found, the function returns an error.
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The example in the following illustrations dynamically builds a menu tree
consisting of two top-level menusile andEdit, and a submentiest

Edit
Open
Cloze
Test 2
Test 3

-
[Curent'1's Mend] [Irsert Menu ltems] -"i Get Menu Selection|
Vnmu MENL MEHLT MEMLI
] .:.-)i:i =—>H f"“‘:‘"H W k B

|

Figure 6-5. Dynamic Menu Insertion

Delete Menu Items
Deletes menu items from the menubar or a submenu within the menubar.

menubar HEMU renubar aut

menu tag mf....-.-"'i F!*.@

it E“'
eror in [no ermor)

If menu tagis specified, the items are deleted from the submenu specified
by menu tag or else the items are deleted from the menubar. The function
returns an error ifnenu tagor one of the items specified is not found.

e @rror ok

Items can be a tag (string) of an existing item, an array of tags of existing
items, a position index (zero-based integer) of an item in the menu or an
array of position indices of items in the menu. If you do not itéres, all

the items in the menubar are deleted. If there is a submenu in any of the
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specified items, the submenu and all its contents are deleted automatically.
You can delete Application items by using application tags listed in

Table 6.1 at the end of this chapter. Because separators do not have unique
tags, they are best deleted by using their positional indices.

Get Menu Item Info
Returns the attributes of the menu item specified through item tag.

itern tag 1% submeru tags
menubar FEMLI menLbar out
P‘i? ......... . %= item name

errar in [no ermor) =“L_ enabled
errar oLt

e checked
e | W N

Item attributes argem name (the string that appears in the menu),
enabled(false designates that the item is grayed chigcked(specifies
whether there is a check mark next to the item),shrudtcut (key

accelerator). If the item has a submenu, its item tags are returned as an array
of strings insubmenu tags If item tag is unwired, the menubar items are
returned. lfitem tagis not valid, an error is returned.

Set Menu Item Info

Sets the attributes of a menu item specified through menu and item tag.
Item attributes are item name (the string that appears in the menu), enabled
(false designates that the item is grayed out), checked (specifies whether
there is a check mark next to the item), and shortcut (key accelerator).
Attributes that are not wired remain unchanged. If item tag is not valid, an
error is returned.

item tag
menubar MEMD menubar out
itemn name - — ?fﬂ
enabled - = error out
eror in [no error)
ChECkEd ......................
zhort oyt meessesesoes
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Get Menu Shortcut Info

Returns the menu item that is accessible through a given shortcut.

menubar FEMLT rnenubar out
thort cut = i = jkem tag
EM1ar in [ efror] === i itern path
errar out

Item path is a string of menu item tags separated by a colon (:).

Short cut consists of a string (key) and a Boolean (specifies whether the

shift key is included or not).

Application Item Tags

You can insert application items by using the Application item tags listed

in the following table.

Table 6-1. Application Item Tags

Application Item Item Tag
File APP_FILE
New APP_NEW
Open... APP_OPEN
Close APP_CLOSE
Save APP_SAVE
Save As... APP_SAVEAS

Save A Copy As...

APP_SAVE_A COPY_AS

Save with Options...

APP_SAVE_WITH_OPTIONS

Printer Setup...

APP_PRINTER_SETUP

Print Documentation...

APP_PRINT_DOCUMENTATION

Print Window... APP_PRINT_WINDOW
Edit VI Library... APP_EDIT VI_LIBRARY
Edit Template... APP_EDIT_TEMPLATE

Mass Compile...

APP_MASS_COMPILE
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Table 6-1. Application Item Tags (Continued)

Application Item Iltem Tag

Convert CVI FP File...

APP_CONVERT_CVI

Exit APP_EXIT
Edit APP_EDIT
Undo APP_UNDO
Redo APP_REDO
Cut APP_CUT
Copy APP_COPY
Paste APP_PASTE
Clear APP_CLEAR

Import Picture from File...

APP_IMPORT_PICT_FROM_FILE

Preferences...

APP_PREFERENCES

User Name...

APP_USER_NAME

Clear Password Cache

APP_CLEAR_PASSWORD_CACHE

Select Palette Set

APP_SELECT_PALETTE_SET

Edit Control & Function
Palettes...

APP_EDIT_PALETTES

Operate

APP_OPERATE

Stop

APP_STOP

Print at Completion

APP_PRINT_AT_COMPLETION

Log at Completion

APP_LOG_AT_COMPLETION

Data Logging

APP_DATA_LOGGING

Log... APP_LOG
Retrieve... APP_RETRIEVE
Purge Data... APP_PURGE_DATA

Change Log File Binding...

APP_CHANGE_LOG_BINDING

Clear Log File Binding

APP_CLEAR_LOG_BINDING

Suspend when Called

APP_SUSPEND_WHEN_CALLED
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Table 6-1. Application Item Tags (Continued)

Application Item Item Tag

Reinitialize All To Default

APP_REINIT_ALL_TO_DEFAULT

Project

APP_PROJECT

User Project VIs *

APP_USER_PROJECT VIS

Show VI Hierarchy

APP_SHOW_VI_HIER

This VI's Callers

APP_THIS_VIS_CALLERS

This VI's SubVlIs

APP_THIS_VIS_SUBVIS

Unopened SubVis

APP_UNOPENED_SUBVIS

Unopened Type Defs

APP_UNOPENED_TYPEDEFS

Find...

APP_FIND

Show Search Results

APP_SHOW_SRCH_RSLTS

Find Next

APP_FIND_NEXT

Find Previous

APP_FIND_PREV

Show Profile Window

APP_SHOW_PROFILE_WINDOW

Compare VIs...

APP_COMPARE_VIS

Show Differences

APP_SHOW_DIFFERENCES

Export Strings...

APP_EXPORT_STRINGS

Import Strings...

APP_IMPORT_STRINGS

Windows APP_WINDOWS
Show Panel APP_SHOW_PANEL_DIAGRAM
Show VI Info... APP_SHOW_VI_INFO

Show History

APP_SHOW_HISTORY

Show Functions Palette

APP_SHOW_CTRLS_FCTNS

Show Tools Palette

APP_SHOW_TOOLS

Show Clipboard

APP_SHOW_CLIPBOARD

Show Error List

APP_SHOW_ERRORS

Tile Left and Right

APP_TILE_LEFT_RIGHT

Tile Up and Down

APP_TILE_UP_DOWN
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Table 6-1. Application Item Tags (Continued)

Application Item

Item Tag

Full Size

APP_FULL_SIZE

Open Windows *

APP_OPEN_WINDOWS

Help APP_HELP
Show Help APP_SHOW_HELP
Lock Help APP_LOCK_HELP
Simple Help APP_SIMPLE_HELP

Online Reference...

APP_ONLINE_REF

Online Help for VI

APP_ONLINE_HELP_FOR_VI

Help Files * APP_HELP_FILES
About LabVIEW... APP_ABOUT
© National Instruments Corporation 6-21 G Programming Reference Manual



Customizing Your Environment

This chapter explains how to customize your environment by setting
editor preferences for features such as printing, displaylJadd,
and by changing the contents of tbentrols andFunctions palettes.

Setting Preferences

To customize your application and configure the editor, use the Preferences
dialog box.

You access the Preferences dialog box by selegtlitgPreferences.., as
shown in the following illustration.

Preferences...
User Name...
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Use the pull-down menu at the top of the dialog box to select among the
different categories of preferences, as shown in the following illustration.

*aths
Ferformance and Dizgk
Frant Fanel
Block Diagram
Debugaing
Colors
Fontz
Frinting
Hiztory
Time and Date
Mizcelansous
Server. Configuration
Server TCP/IF Access
Server Exported Vlz

Path Preferences

You can specify the directories searched when looking for Vis as well as
the paths used for temporary files and the library directory. If not already
selected, sele®athsfrom the pull-down menu in the Preferences dialog
box to bring up the dialog box shown in the following illustration.

Freferences m

[ Paths L]

[ Library Directory [ =] I Use default
CAPROGRARM FILES

Note The format of pathnames—the use of colons, slashes, or backslashediffers
slightly on different platforms.
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In the Path Preferences dialog box is another pull-down menu, shown in the
following illustration, from which you select the path category you want to
view or edit.

 Library Directony
Temporary Directony
Ciefault Directon
M enuz Directory
Wl Search Path

In the dialog box that appears, many items are grayed out and inactive
because G is set to use the default path. If you want to change one of these
preferences, deselect tiee Defaultcheckbox, as shown in the following
illustration.

| Paths v

| Library Directory  w| [Juse defautt

Library, Temporary, Default, and Menus Directories

TheLibrary Directory , Temporary Directory, Default Directory and

Menus Directory are single directories (folders). When you edit one of
these paths, you have options to type in a new path and replace the existing
path, or browse the file dialog box to select a path. This is shown in the
following illustration.

path category current value new value

| /

[ Library Directory || W Use default
CAPROGRAM FILES

e T
G il
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Note

Customizing Your Environment

ThelLibrary Directory shows the absolute pathname to the directory
containingvi.lib  and any library directories you supply. The default is
the directory containing your G development environment.

The Temporary Directory shows the absolute pathname to the directory
for temporary files, which varies according to platform, as follows.

« (Windows) The default is the directory containing your G development
environment.

e (Macintosh) Under System 7, the default is an invisible folder called
Temporary Items atthe top of your hard drive, which is where Apple
recommends storing temporary files. If your development environment
crashes, the temporary files move into the trash when you restart.

e (UNIX) The default is thémp directory.

TheDefault Directory shows the absolute pathname to the default
directory, which is the initial directory the file dialog box displays. The
Default Directory function in theFunctions»File I/O»File Constants
palette also returns this value. The default is the current working directory.
Changes to the default directory take place immediately

TheMenus Directory shows the path to the directory containing the
palette menu files describing the organization ofGbatrols and

Functions palettes. By default, this is thdéenus Directory in your

Library Directory . In general, it is not necessary to change this, although
you might want to change it if you have a network installation and
individual users require their own custom menu sets.

All changes to the Library Directory, Temporary Directory, Menu Directory and
Default Directory options take effect when you relaunch your G development
environment.

VI Search Path

TheVI Search Pathis used only when your G development environment
searches for a subVI, control, or external subroutine that was not in the
expected location. It lets you list the path of directories for G to search.
When you edit the search path, you are given more options than for the
other paths —you can add new items in specific locations, remove paths,
and select from a list apecialpaths.
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Ul Search Path  ¥| [JUse default

Afoundwizh
avilibzh ¥

[ Browse... ]IEH |

[Insert Befure] [ Insert After ][ Replace ][ Remove ]

The list contains paths your G development environment searches, in the
order it searches them. To add a new directory, first decide when your

G development environment searches that directory relative to other
directories. Select an adjacent directory from the list. Then use either the
Browse...button, which displays a file dialog box, or the special pull-down
menu, which contains a list of special paths, to select the directory your
G development environment searches. Edit or enter this path in the string
control next to these options. Finally, ussert Before, Insert After, or
Replaceto add that to the list.

When you select a path, G normally searches that directory, but not its
subdirectories. Make the search hierarchical by appendiag a new path
item.

Some examples on different platforms.

* (Windows) To search the directog:\Vis\  recursively, you enter
C:\VIs\*

e (Macintosh) To search th®ls folder recursively on the HD disk, you
enterHD:Vis:*

*  (UNIX) To search recursivelysr/home/gregg/vis , you enter
/usr/home/gregg/vis/*
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Use the special pull-down menu shown in the following illustration, located
to the right of thBrowse... button, to select from several special
directories.

< wvilibe
Syl
<tapwiz
opwixh*
<founchiz
<foundhzy®

These directories are as follows.

e «vilib> as a path entry is a symbolic path referring tosthéb
directory inside of th&ibrary Directory .

e <topvi> refers to the directory containing the top-level VI being
opened.

» <foundvi> refers to alist of directories LabVIEW builds each time a
VI is loaded. During a search, any directory in which LabVIEW finds
a subVI, or a directory you manually select, is added to this list. Use
this symbolic path so that if you move or rename a directory of VIs,
and then open a calling VI, you must find that directory only once for
that load.

Remove a path using tiRemovebutton, which places the removed path
into the string box, in case you decide to re-insert it elsewhere in the list.

Note Changes tovl Search Pathtake effect upon the next launch of the application.

Performance and Disk Preferences

Some editing operations require the use of temporary files on disk. For
example, when you save a VI, it is first saved into a temporary file. If the
save is successful, the new file replaces the original. This might require a
fair amount of disk space. To avoid problems, the available disk space in
the temporary directory is checked at launch time. If you have less than
500 KB of disk space free, you are notified and the launch is aborted. If you
have less than 2 MB available, you are notified, but the launch continues.
You can turn these warnings off or change the levels at which they alert you
using the Performance and Disk dialog box, accessed from the Preferences
pull-down menu.
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The Performance and Disk Preferences dialog box is shown in the
following illustration. Notice only one menu item is available on
Windows 3.1, and some other options are available only on the Macintosh.

EE Preferences

! Performance and Disk j

[~ Deallocate memorny as soon as possible
[ Usze default timer
v Check available disk space during launch
Aot if lezs than [KBytes] 500 Iv Use default
‘wéarn if less than [KBytes] 2000 v Use default
v Bun with rultiple treads

QK. | Cancel |

The options in this dialog box are as follows.

Deallocate memory as soon as possibleDeallocates the memory of
every VI after it completes execution. Doing this can improve memory
usage in some applications because subVIs deallocate their memory
immediately after executing. However, it slows performance because
G must allocate and deallocate memory more frequently and in some
instances it might lead to excessive memory fragmentation.

(Windows 3.1) Use default timer— The timing functions in G use the
built-in Windows timer. This timer has, by default, a resolution of 55 ms
(it increments 18 times a second). This means theQazknt, Wait, and
Wait Until Next ms Multiple Vs in G only have 55 ms resolution. Notice,
however, you can specify more accurate timing rates to the DAQ Vs,
because they use the built-in timers of the DAQ boards to control the
acquisition rate.

Increase the resolution of the Tick Count, Wait, and Wait Until Next ms
Multiple VIs to 1 ms by increasing the resolution of the built-in timer of
Windows to 1 ms. If you increase the timer resolution, your software timing
loops are more accurate.

Under certain circumstances, you might not want to increase the timer
resolution from 55 ms. Changing the resolution increases the number of
timer tick interrupts from 18 interrupts per second to 1,000 interrupts per
second. If you are performing other interrupt intensive operations, you
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might exceed the capacity of your PC to handle the interrupt load, which
might lock up or crash your PC.

DAQ operations using programmed I/O instead of DMA to transfer data
between the DAQ board and PC memory are interrupt intensive. Do not
change the timer tick resolution to 1 ms if you plan to perform any of the
following operations at high transfer rates.

« Buffered analog input using the PC-LPM-16

« Buffered analog output using the AT-MIO-16, MC-MIO-16, or Lab
series boards

« Buffered digital 1/0 using the DIO-24, DIO-96, or Lab series boards

« Buffered analog input or output with DMA disabledifiDAQCONF
using any DAQ board

Transfer rates of approximately 30 ksamples/sec or higher on a

386 25 MHz machine causes interrupt load problems with the 1 ms timer
resolution. Transfer rates of approximately 75 to 80 ksamples/sec or higher
on a 486 33 MHz machine, or 100 ksamples/sec or higher on a 486 50 MHz
machine, might cause interrupt load problems.

The timing functions in G for Windows 95/NT have a timer resolution of
1 ms, the maximum resolution possible under Windows 95/NT. Slower
machines might have lower resolution.

(Macintosh) Compact memory during execution—Directs G to compact
memory approximately once every 30 seconds. Compaction reduces
fragmentation by moving allocated memory to a single location. A
disadvantage to this is compaction takes time and might cause a short lull
in performance while G is compacting memory.

(Macintosh) Cooperation level—With this option, you can control how
cooperative G is with other background applications. If you seLibig

G does not share time very frequently with other applications. Setting it
low improves the performance of G, but it causes the performance of any
other applications that run in parallel to decrease. If you seHigto,

G performance suffers, but other applications have more time to execute.

Check available disk space during launch-Checks amount of disk

space available in the temporary directory as G launches. You can check
whether you want G to use the default in two cases: abort if less than
500 KB, or warn if less than 2,000 KB.

Run with multiple threads— This option is only available on operating
systems that support multithreading. If you turn this off, the execution
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system behaves as though you only have a single thread, so both User
Interface interaction and execution of VIs happen in the same thread.
You might use this for compatibility reasons if you have VIs that are not
well-behaved in the multithreaded execution system.

Note Changes taCheck available disk space during launch, Use default timer and
Run with multiple threads take effect when you relaunch G. Changes to the
Compact memory during execution Deallocate memory as soon as possitzdad
Cooperation leveloptions take effect immediately.

Front Panel Preferences
The Front Panel Preferences dialog box is shown in the following

illustration.

| Frant Panel |;|

|lse smooth updates during drawing

[l Open the control editor with double click

[l End text entry with Retum key (same as Enter key)
Owerride systemn default function key settings

Use localized decimal point

Ol Use transparent name labels

Blink speed (millisecaonds) 1000 FMlUse default

The options in this dialog box are as follows.

Open the control editor with double click—Makes easy access available
to the Control Editor window, where you can customize the appearance of
a front panel control or indicator.

End text entry with Return key (same as Enter key)—Makes the

<Return> key on the alphanumeric keyboard function like<heter>

key on the numeric keypad, ending text entry. If you select this option, you
can embed new lines by pressk@rl-Enter> (Windows);

<option-return> (Macintosh); <meta-Return>  (Sun); or

<Alt-Return>  (HP-UX).
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(Windows, Macintosh) Override system default function key settings—

By default, your operating system might use some function keys for system
purposes. For example, on the PC, pressing F10 is the same as pressing the
<Break> key. The Macintosh usually treats F1 to F€as, Copy, Paste
andClear. If you turn this override on, the function keys are not used for
system purposes but are passed instead to G as standard function keys.

Use localized decimal point—Uses the decimal separator for the system
instead of the period. For example, in many countries, the comma is used
as a decimal point. Turn this on if you want G to operate within your system
configuration. Turn it off if you want G to use periods in all cases for the
decimal point.

Use smooth updates during drawing—When G updates a control with
smooth updates off, it erases the contents of the control and draws the new
value. This can result in a noticeable flicker as the old value is erased and
replaced. Using smooth updates, G draws data to an offscreen buffer and
then copies that image to screen instead of erasing a section of the screen.
This avoids the flicker caused by erasing and drawing. However, it can slow
performance, and requires more application memory because an offscreen
drawing buffer must be maintained.

Use transparent name labels-Directs the software to use see-through
labels.

(Sun) Support numeric keypad on Sun keyboards—Turns on support for

the Sun keyboard, including keypads, arrow keys, and the Help key. Do not
turn this on if you are using a non-Sun keyboard (for example, if you are
using an X terminal or a PC running X software).

Blink speed— Sets the blinking speed for front panel objects, to the default
1,000 milliseconds or another speed you type in. Blinking is a basic
attribute turned on with attribute nodes. See Chaptektd¥ute Nodes

for more information.

Changes to options in the Front Panel Preferences dialog box take effect
immediately.
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Block Diagram Preferences

The Block Diagram Preferences dialog box is shown in the following
illustration.

! Preferences | %

! Block Diagram j

I Show dots at wire junctions
¥ Show tip-strips over terminals
[~ Use control caption for subYl tip-strips
¥ Show wiring guides
[~ Show subvl names when dropped
I~ Uze tranzparent name labels
[T UszeWindow Titles in function palettes

b awimum undo steps per | 8 I Use default

ak. | Caticel |

The options in this dialog box are as follows.

Show dots at wire junctions—Places dots where a wire branches to more
than one destination. This makes it easier to differentiate between such
junctions and wires that simply cross one another.

Show tip-strips over terminals—Places parameter names under
terminals when you idle your cursor over them in functions and subViIs.

Use control caption for sub-VI tip-strips—Uses control
captions instead of control names when showing help for VIs or
when displaying tip-strips for VI terminals.

Show wiring guides—Shows wire stubs indicating data type and data
direction for each parameter when the cursor idles over a block diagram
node.

Show subVI names when droppeéd-Directs the software to label a
subVI with the name of the original VI when you drop it on the block
diagram, and to show the label.

Use transparent name labels-Directs the software to use see-through
labels.
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Use Window Titles in function palettes—In the function palettes, uses
the window title of a VI instead of the name of a VI when displaying the
palette name of a VI.

Maximum undo steps per VI—Set the number of actions that you can
undo and redo. If the number of actions is zero, undo is disabled. Each VI
records its own undo instances, therefore the number you enter pertains to
each VI. Setting this number lower conserves memory resources. See the
Undosection in this chapter for more information.

Note Changes to options in the Block Diagram Preferences dialog box take effect
immediately.

Debugging Preferences

The Debugging Preferences dialog box is shown in the following

illustration.

[ Debugging L~

Show data bubbles during execution highlighting
Auto probe during execution highlighting
[ Show warnings in error box by default

fw

The options in this dialog box are as follows.

Show data bubbles during execution highlighting—Animates execution
flow by drawing bubbles along the wires. Turn this feature off for faster
debugging with less animation.

Auto probe during execution highlighting—Probes scalar values
automatically, drawing their values on the diagram. Turn off this feature if
you find it clutters the display.
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Show warnings in error box by default—Displays warnings in addition
to errors in the Error List dialog box. A warning does not mean the VI is
incorrect; it just points out a potential problem in your block diagram.

Warn about objects unavailable in the student editior—If you select
the previous menu item about warnings, this item includes warnings about
objects unavailable in the LabVIEW Student Edition.

Note Changes to options in the Debugging Preferences dialog box take effect
immediately.

Color Preferences

The Color Preferences dialog box is shown in the following illustration.

| Calors [~

] Frant Panel Use default colors
[ 1Block Diagram

[ 1 Scrollbar

I Coercion Dots

I e Text _

[ ImenuBackground Windows, UNIX only
N Eiink Foreground

[l Blink Background

This dialog box lets you change the colors used by G for various items.
If you do not select these default colorscheckbox, you can click any
rectangle to change the color. The options are the following.

Front Panel—Select a color for the front panel of new VIs. Changing the
color does not affect old Vls.

Block Diagram—Select a color for the block diagram of new VIs.
Changing the color does not affect old VIs.

Scrollbar—Select a color for scrollbars. This affects only the Vs
currently open.

© National Instruments Corporation 7-13 G Programming Reference Manual



Chapter 7

Note

Customizing Your Environment

Coercion Dots—Select a color for the dots indicating coercion of
numerical data. This affects only the VIs currently open.

(Windows, UNIX) Menu Text—Select a color for text used in menus.

(Windows, UNIX) Menu Background—Lets you select a color for the
background used in menus.

Blink Foreground —Lets you select the foreground color for a blinking
object. Affects only a blinking object in its blink state. Blinking is a basic
attribute turned on with attribute nodes. See Chaptektd¥ute Nodes

for more information.

Blink Background —Lets you select the background color for a blinking
object. Affects only a blinking object in its blink state.

Use default colors—Uses the default choice of colors for all items listed
in this dialog box. You must turn this off if you wish to change any of these
colors.

(UNIX) Provide extra colors—Toggles between a 216-color palette and a
125-color palette. A larger palette might cause a noticeable flash when you
switch between windows if your system only supports 256 colors.

Changes to options in the Color Preferences dialog box take effect immediately.

Font Preferences

The Font Preferences dialog box lets you change three categories of
predefined fonts: the Application font, System font, and Dialog font. You
select the category of font you wish to change from the pop-up menu above
the text box. The dialog box withpplication Font selected is shown in

the following illustration.
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Preferences E
I Faontz |;|

| Application Font |;|

T he quick brown fox jumps over the lazy dog.

i Use default font
23 Custom Fort ‘ Font Shyle...

G uses the three categories of fonts for specific portions of its interface. The
fonts are predefined according to the platform, as follows.

Use default font—Uses the default font, as defined by G in keeping with
the different platforms, as described previously.

Custom font—This checkbox is checked automatically if you change any
font characteristics through tRent Style... option.

Font Style...—Brings up a dialog box to change font characteristics.

Note Changes to options in the Font Preferences dialog box do not take effect
immediately. The software must be restarted.

For specific information on how the fonts are predefined or for information
about the portability of fonts, see the sec®asolution and Font
Differencesn Chapter 29Portability and Localization Issues
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Printing Preferences

ThePrinting Preferences dialog box is shown in the following illustration.
Keep in mind some options are available on certain platforms only.

i+ Preferences <]
l Prittirg j
s Standard printing _
[ Allow printer dithering [ Manging

" PostSeript printing e b
gw e LRt
¥~ Bitmap printing

:

v Color/Grapscale printing

Cancel |

(Windows, Macintosh) Standard printing —Formats the VI print data (front
panel, diagram, icon, etc.) and print it using standard drawing commands.
Use this if you want to print to a file (assuming your printer driver supports
printing to a file), if your printer does not have PostScript support, or if you
want your printer driver to do the PostScript translation instead of the
G-language software.

(Windows only) Allow printer dithering —Uses printer dithering when
creating the drawing commands. Applicable for black-and-white printing,
printer dithering is a method of adding gray scales to an image instead
of only black-and-white areas. This menu item is not dependent on
printer type.

PostScript printing —Translates the VI print data into PostScript (.ps)
format and sends it to the printer as PostScript data. If you have a PostScript
printer and a PostScript printer driver, the printout is a graphics image. Do
not select this menu item if your printer or printer driver does not support
PostScript printing.

PostScript level 2—Tells the software the connected printer supports
PostScript level 2 If this box is checked, G senBestScript level 2code
to the printer. Select this only if your printer supp&tstScript level 2

(Windows, UNIX) Bitmap printing —Creates a bitmap, draw all data for that
page into the bitmap, and then send the bitmap to the printer. This method
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takes longer to print than the other two, but can yield a more accurate
representation of the text and fonts than standard printing, even though the
printout is not as high resolution as with PostScript printing. The bitmap
image is in color for color printers and black-and-white otherwise.

(Windows only) Color/Grayscale printing—This menu item generates

8 bits-per-pixel (BPP) color/grayscale output to a printer, overriding the
depth settings obtained from the printer driver. Most printers correctly
report the color capabilities, but certain laser printer drivers report a bit
depth of 1, when the printer can actually handle 8 BPP.

Margins —You can set absolute margins for printouts in terms of
millimeters or inches. All four margins (top, bottom, left, and right) can be
specified separately. Margins are limited by the physical parameters of the
printer. If you set margins smaller than the printer accepts, the actual
margins are the minimum accepted by the printer. The margins setting in
the reference dialog box affects newly created or converted VIs. If you want
to set margins for a specific VI, usé Setup.

Note Changes to options in the Printing Preferences dialog box take effect immediately.

History Preferences

As explained in Chapter 2Kanaging Your Application®ach VI has a
History window displaying the development history of theVI. With the
History Preferences dialog box, you can choose the default settings for the
History window of new Vils.

The History Preferences dialog box is shown in the following illustration.

| Histary [ ~]

[ Add an entry every time v is saved
] Prampt for cormment when 'V is closed
[ Prampt for comment when Y is saved
[ Record comments generated by

[l Show revision number in titlebar

) Lagin automatically with the registration name
&) Lagin automatically with the system user name
3 Shaow the login praompt at startup time

© National Instruments Corporation 7-17 G Programming Reference Manual



Chapter 7 Customizing Your Environment

The options in the History dialog box are in two groups. The first group
contains five options for indicating when and how entries to the History
window are added for new VIs.

The second group of options in the History Preferences dialog box
concerns how you log into LabVIEW or BridgeVIEW. This in turn
determines the name inserted into the headers to comments entered in the
VI History window.

Options concerning History window entries are specified for
individual Vls through theVl Setup»Documentationdialog box. See
Documentation Optionsm Chapter 6Setting up VIs and SubVier
information about accessing the options.

The options in this dialog box are as follows.

Add an entry every time VI is saved—Adds an entry to the VI history

every time you save the VI. If you do not enter a comment iGdimement

box of the History window, only a header is added to the history. (The
header contains the revision number if the menu item further down in this
dialog box is checked as well as the date and time, and the name of the V1.)

Prompt for comment when VI is saved—Brings up the History window

for comments on changes sine the previous save. This is useful if you prefer
to comment on your changes when you finish making them instead of as
you are editing. If you do not set this option, you do not have a chance to
change the history of the VI after you sel8atveuntil the save is finished.

Prompt for comment when VI is closed—Similar to the previous option,
except that G only prompts you when you close a VI, rather than every time
you save. You are prompted if the VI changed any time since you loaded it,
even if you saved the changes.

Note You are not prompted to enter a comment when you save or close a VI if the only
changes you made were changes to the history.

Record comments generated by the editer-Causes the editor to insert

comments into the History window when certain events occur. The events
causing automatic comments are conversion to a new version of LabVIEW
or BridgeVIEW, subVI changes, and changes to the name or path of the VI.

Show revision humber in titlebar—Adds the revision number to the
header of the History window. The revision number starts at zero and
increases incrementally every time you save the VI. It does not increase
however, if the only changes you made were changes to the VI history.
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The login options are as follows.

(Windows and Macintosh only) Login automatically with the registration
name—Uses the name of the registered user of the application.

Show the login prompt at startup time—Prompts you for a user name
when your application is started. The user name can be changed any time
by selectingedit»User Name The prompt displays a menu of all user
names previously entered into LabVIEW with this option.

Note This is a LabVIEW-only feature. BridgeVIEW has its own login security system
in which Edit»User Namedoes not appear.

User Login

Usernarne :

other

+ Stephan Moore
UK I Tancel ]

You can switch to another user name (the system user name or your
application registration name) in Windows or on the Macintosh, or the
system user hame in UNIX, without having to type it in by using the
pull-down menu shown in the preceding illustration. You also can
type in a name, which appears in the list thereafter.

(Windows NT, Macintosh with file sharing only, and UNIX) Login automatically
with the system user name-Assuming a user name is defined, this
causes the software to use the system login name of the current user.

Note Changes to options in the History Preferences dialog box take effect immediately.
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Time and Date Preferences

The Time and Date Preferences dialog box is shown in the following
illustration.

Freferences m

| Time and Date |;|

Default date format
g tanth first (47D
Day first (DM
o Yegr first((J,."M;,.’\gj Date Separator
Default time format
3 12-hour (AM/PR)
O 24-hour (Military Time)  Time Separatar []

The options in this dialog box control the default displays of time and date
in the digital displays of new controls and indicators. Override the defaults
in this dialog box for individual digital displays, as explained inFtrenat

and Precision of Digital Displaysection of Chapter yumeric Controls

and Indicators

The options in this dialog box are as follows.

Default date format—Determines whether the month, day, or year comes
first in digital displays.

Default time format—Determines whether time in digital displays is
based on a 12-hour or 24-hour clock.

Date Separator—Determines the character used to separate the month,
day, and year (in the order selected in the Default date format option) of
digital displays.

Time Separator—Determines the character used to separate the hours and
minutes past the hour in digital displays.

Changes to options in the Time and Date Preferences dialog box take effect
immediately.
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Miscellaneous Preferences

The Miscellaneous Preferences dialog box is shown in the following
illustration.

EE Preferences

I Miscelaneous j

[V Shiow tip-strips

[ Use native file dialogs Windows, Macintosh only
v &llow drop-throuah clicks

¥ Usze hot renus

[~ Show auto-conztant labels

[~ Open¥ls in run mode

[ Skip navigation dialog on launch

Cancel |

The options in this dialog box are as follows.
Show tip-strips—Toggles the display of tip strips.

(Windows, Macintosh) Use native file dialogs—Uses the operating system’s
native file dialog boxes so they look similar to those of other applications
on your machine (with a few exceptions discussed at in the next paragraph).
When this preference is not selected, the G-language software uses its own
platform-independent file dialog boxes, which add some convenient
features, such as providing a list of recent paths and reducing the steps
necessary to save VIs in VI libraries.

(Windows, Macintosh) Allow drop-through clicks— You can set G so that
clicking the mouse only once activates and selects an object in an inactive
window. This reduces the number of required mouse clicks from two to
one. (Normally, the first click activates the window and the second click
passes through as a click in the window.)

Use hot menus—With this option, you can navigate the menus using the
mouse without keeping the left mouse button pressed. This ergonomic
feature relieves strain on the hand.

Show auto-constant labels—This toggles the creation of labels for
auto-created constants. When this is set, labels automatically show the
name of the terminal from which the constant was created.
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Open Vls in run mode—Opens VIs in run mode rather than edit mode.

Skip navigation dialog on launch—Skip the initial window that permits
navigation to common dialogs and simply open the Untitled VI.

Note Changes to options in the Miscellaneous Preferences dialog box take effect
immediately.

Server: Configuration

The Server: Configuration dialog box is shown in the following illustration.

i+ Preferences E
I Server: Configuration j
r Protocols
[~ TCRAP F'D[l|3353
v Active

~ Server Resources
¥ &llow W Calls
¥ &llow Yl Methods and Properties

¥ &llow Application Methods and Properties

Canhicel |

These options specify through which communication protocols other
applications access the VI Server, either TCP/IP or ActiveX protocols.

If you enableTCP/IP, you must enter thBort number that client
applications use to connect to the server. When you permit other
applications to connect using TCP/IP, it is best to configure which Internet
hosts have access to the server. For more details see the Sectien

TCP/IP Accesin this chapter. For more information about the VI server
ActiveX interface, refer t&€hapter 21VI Server

With Server: Configuration selected, you also specify which of the

following server resources are available to applications accessing the
VI Server.
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» Allow VI Calls permits applications to make calls to VIs exported on
the server. When you permit other applications access to VIs, it is best
to specify which Vs are exported using the Exported VI Preference
page. For more information see the sec8enver: Exported V|sn
this chapter.

» Allow VI Methods and Properties permits applications to read and
set the properties of VIs on the server. As above, you can specify which
VI in the Exported VI Preference page. For more information see the
sectionServer: Exported V|dn this chapter.

« Allow Application Methods and Properties permits applications to
read and set the properties of the server.

The default server settings aketiveX enabled an@CP/IP disabled. By
default,VI Calls is enabled, bu¥| Methods and Propertiesand
Application Methods and Propertiesare disabled.

Server: TCP/IP Access

When you permit remote applications to access the VI Server using the
TCP/IP protocaol, itis best to specify which Internet hosts have access to the
server.

The Server: TCP/IP Accesdialog box is shown in the following

illustration.
! Preferences Ed
I Server TCP/IP Access j
TCP/IP Access List _
I".site.com

X ezt zite.com

J a.test site.com ¥ Allow Access

o btest site.com ¥ Deny Access

X public.site.com

4 130.164.123.123 oy Remove |

55

_'I [v Strict Checking

ak. | Caticel |

Using Server: TCP/IP Accessyou specify which clients access the VI
Server. The TCP/IP Access List describes clients that have access or are
denied access to the server. To change an entry, select it from the list and
type in the text box at the right of the TCP/IP Access List. Clicitlosv
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Accessradio button to permit client access to the server. Click
theDeny Accesgadio button to deny the client access to the server.
Click the Add button to insert a new entry after the current

selection. Click th&emovebutton to remove the current selection
from the list. Click and drag an entry to change its position within the
TCP/IP Access List. If an entry permits access from an address, a
check mark appears next to the entry. If an entry denies access from
an address, aX appears next to the entry. If no symbol appears next
to the entry, the syntax of the entry is incorrect.

When a client tries to open a connection to the server, the server examines
the entries in the TCP/IP Access List to determine if the client is permitted
access. If an entry in the list matches the client address, the server either
permits or denies access, based on how you set up the entry. If a subsequent
entry also matches the client address, that permission is used in place

of the previous permission. For example, in the illustration above,

a.test.site.com andb.test.site.com are permitted access even
though the list indicates (by thewildcard) that all addresses ending in
.test.site.com are not permitted access. If no entry matches the client

address, access is denied. See Table 7.1 for more information*on the
wildcard and permitting matching access entries.

An Internet (IP) address, such89.164.123.123 , might have one

or more associated domain names, suckwagnatinst.com . The
conversion from a domain name to the corresponding IP address is called
name resolutionThe conversion from an IP address to its domain name is
calledname lookup

Name lookups and name resolutions are done through system calls that
access domain name system (DNS) servers on the Internet. A name lookup
or resolution can fail when the system does not have access to a DNS server,
or when the address or name is not valid. A resolution problem occurs when
an entry contains a domain name that cannot be resolved into an IP address.
A lookup problem occurs when an entry contains a partial domain name,
such ag.natinst.com , and the lookup for the client IP address fails.

Strict Checking determines how the server treats access list entries that
cannot be compared to a client IP address because of resolution or lookup
problems. When Strict Checking is enabled, a denying access list entry in
the TCP/IP Access List encountering a resolution problem is treated as if it
matched the client's IP address. Wirict Checking is disabled, an

access list entry encountering a resolution problem is ignored.

To specify an Internet host address, enter its domain name or IP address.
Use ther wildcard when specifying Internet host addresses. For example,
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you can specify all hosts within the doméimain.com with the entry
*.domain.com . You can specify all hosts in the subnet whose first two
octets arel30.164 with the entry130.164.* . The entry* matches all
addresses.

The following table shows examples of TCP/IP Access List entries.

Table 7-1. Server: TCP/IP Access

Access String Matches

* All hosts

test.site.com The host whose domain name is
test.site.com

* site.com All hosts whose domain names end with
* site.com

130.164.123.123 The host with the IP address
130.164.123.123

130.164.123.* All hosts whose IP addresses start with
130.164.123.

In the previous illustration, all hosts in tsiee.com  domain have access
to the server, with the exception of all hosts int#sesite.com

domain. Additionally, the hoststest.site.com , b.test.site.com
and130.164.123.123  also have access to the server. The host
public.site.com does not have access, even though it is in the
site.com domain

The default TCP/IP Access settings permit access only to clients on the
server machine.

Note If the VI Server runs on a system that does not have access to a DNS server, do not
use domain name entries in the TCP/IP Access list. Requests to resolve the domain
name or an IP address fail, slowing down the system. For performance reasons,
place frequently matched entries toward the bottom of the TCP/IP Access List.
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Server: Exported Vls

If you permit remote applications to access VIs on the VI Server, it is best
to specify which VIs these applications can access.

The Server: Exported Vls dialog box is shown in the following
illustration.

s Preferences E
I Server, Exported Wz j
Exported Vs

o hlabviswtsereen’

WE c:\labviswhzerer”
o hlabviewtbesth

X chlabviewhtesthprivate. vi % fllaw Access
o st ¥~ Dery Access
X local i
Add Femove

(]S | Cancel |

The Server: Exported VIs menu items let you specify which Vls other
applications can access through the VI Server. The Exported Vs list
specifies which VIs are exported. To change an entry, select it from the list,
then type into the text box at the right of the Exported VIs list. To specify
whether remote computers can or cannot access that VI, cligklthe
Accessor Deny Accessadio buttons. Click thAdd button to insert a new
entry after the current selection. Click Removebutton to delete the
current selection. Click and drag an entry to change its position within the
Exported Vs list. If an entry permits access to VIs, a check mark appears
next to the entry. If an entry denies access to VI¥ appears next to the
entry. If no symbol appears next to the entry, the syntax of the entry is
incorrect.

Each entry in the list describes a VI name or a VI path and might contain
wildcard characters. Entries that contain path separators are compared
against VI paths, while entries that do not contain path separators are
compared against VI names only. When a remote client tries to access a VI,
the server examines the Exported VIs list to determine whether to grant
access to the requested VI. If an entry in the list matches the requested VI,
the server either permits or denies access to that VI, based on how that entry
is set up. If a subsequent entry also matches the VI, its access permission is
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used in place of the previous permission. If there is not a VI in the list that
matches the requested VI, access to the VI is denied.

You can use wildcard characters in the Exported VIs list so an entry in the
list matches more than one VI. Use the following wildcard characters.

“? matches exactly one arbitrary character, except for
the path separator

o matches zero or more arbitrary characters, except
for the path separator

ek matches zero or more arbitrary characters,
including the path separator

If you want to match a VI with a name that contains a wildcard character,
you must escape that character using (Macintosh andUNIX),
or (Windows).

The following table shows examples of Exported VI list entries. The
examples use UNIX path separators.

Table 7-2.  Server: Exported VI List Entries

VI Access String Matches
* All Vis
Jusr/labview/* All Vis in the directory
lusr/labview/
{ust/labview/** All VIs in the directory
lusr/labview/ and any of its
sub-directories.
test.vi Any VI namedTest.vi
OK\? Any VI with the nameOK?
In the previous illustration, all Vs in the\labview\server directory
are exported. All VIs in the:\labview\test directory and all its
sub-directories are exported as well, with the exception of the VI
c:\labview\test\private.vi . Additionally, any VI that begins with

the stringsrvr_  and ends with the stringi is exported. No VI that
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begins with the strintpcal_  and ends with the stringi is exported,
even if it is located within the\labview\server directory.

The default Exported VIs settings permit access to all Vis.

How Preferences Are Stored

Usually, it is not necessary to edit preference information manually or
know its exact format, because the Preferences dialog box takes care of it
for you. Preferences are stored differently on each platform, as described in
the following paragraphs.

(Windows) If you are a LabVIEW user, Preference information stores in a
LabVIEW.INI file in yourLabVIEW directory, if you are a LabVIEW user.
The file format is similar to otheiNl ~ files, such as the/IN.INI file. It
begins with a section markgrabVIEW] .

This is followed by variable labels and their values, such as
offscreenUpdates=True . If a configuration value is not defined in
LABVIEW.INI , LabVIEW checks to see if there iflabVIEW] section of
yourWIN.INI file, and if so, checks for the configuration value in that file.

If you are a BridgeVIEW user, preference information stores in a
BridgeVIEW.INI  file in yourBridgeVIEW directory The format for this
file is similar to otherINI  files. It begins with a section marker
[BridgeVIEW]

Note The references taVIN.INI files applies only to Windows 3.1. If you are a
BridgeVIEW user, this information does not apply.

You also can specify a preference file on the command line when you start
LabVIEW or BridgeVIEW. For example, to use a file narhed instead
of labview.ini , typelabview -pref Ivrc

(Macintosh) By default LabVIEW creates a text file in the Preferences folder
of the System Folder callecgbVIEW Preferences

If you want, copy your LabVIEW Preferences file to the LabVIEW folder.
When launched, LabVIEW always looks for the Preferences file in the
LabVIEW folder. If not found there, it looks in the Preferences folder, and
if not found there, it creates a new one in the Preferences folder. By moving
Preferences files between desktop and the LabVIEW folder, you can create
multiple Preferences for multiple users or uses.
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(UNIX) Preference information normally is stored in a text file in your home
directory namedabviewrc . If you change a parameter from the
Preferences dialog box, G writes the information to this file. The following
is for those who want more information on the storage format and rules for
finding preference information.

Preference entries consist gbr@ference namtollowed by a colon and a
value. The preference name is the executable name followed by a period (.)
and a token. When LabVIEW searches for preference names, the search is
case-sensitive. You have the option to enclose the preference value in
double or single quotation marks. For example, to use a default precision of
double and use a search path that recursively searches a particular directory,
specify the following preference entries.

labview.defPrecision : double

labview.viSearchPath : "/ust/lib/labview/*"

LabVIEW also searches for preferences in a file naaieékewrc  in the
applications directory. For example, if you installed your LabVIEW files
in /opt/labview , preferences are read out of bfutft/labview/

labviewrc  and thelabviewrc  file in your home directory.

Entries in thelabviewrc  file override conflicting entries in the
labviewrc  file. You might want to use this global preference file to store
things that are the same to all users such as the VI search path.

You also can specify a preference file on the command line when you start
LabVIEW. For example, to use a file named , typelabview -pref
Ivrc

A Caution The.labviewrc file is still read in this case. Also, keep in mind changes made in
the Preferenceslialog box are written to thésrc  file in this example.

Undo

Using Edit»Undo andEdit»Redo, you can undo an action immediately
after it is performed, and once you undo an action you can redo it. The key
command fotJndo is<Ctrl-Zz>  (or <Cmd-Z> on the Macintosh) and the

key command foRedois <Ctrl-Shift-Z> (or<Cmd-Shift-z>  onthe
Macintosh). The items in tHedit menu,Undo andRedq, each contain a

brief (one- or two-word) description of the action that can be undone or
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redone. In the following illustratioif you selecRedo Resizethe item
returnsto its origind size.

Operate  Project  Windows

ndao kove Chrl+&
Fedo Resize Chrl+5 hift+2

Set the ombe of actims thatyou car undo or recb in Preferences»Block
Diagram»Maximum undo steps per VI If the number of actioris zerg
Undo andRedoare disabled. See #sectionPreferences Dialog Box
Options Block Diagram Refaences, in this chapter for more information
on setthg the maxinum undo steps ér a V1.

Each Vlrecorddts own undo instancesherdorethe numbeyou ente for
Maximum undo stepsper VI pertainst each VI. Settinghisnumber bw
can consefe memory resages.

VI callers automatically update when the VI charitemterface. In this
situation, allundo information in the callefs thrown away. This occurs
when you do ay one of thefollowing.

* Change a Yconnector pane patteor change th data type ba
control on the conneatpane.

* Change a type dimition appearance (only if it istrict), change the
dattype or strictnes®r change a type @aition to a custom control.

e Change the data tgmr name a control in a global VI, or add o
remove a controto a global VI.

Customizing the Controls and Functions Palettes

G has a powerful set of todlsr customizing tk Controls andFunctions
paldtes in any of the following ways.

e Add your own VIs and controls to he palettedy saving thanin the
user.lib orinstr.lib directories.

« Addyour own VlIs and controls to he palettedy using the Edit»
Edit Control & Function Palettesoption.

e Sd up the palettes to chamgutomatically as yoadd or rervefiles
from specific directories.

« Rearrange thbuilt-in palettes to miee frequently used functions more
easily accessible.
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» Set up different views for different users, hiding some functions to
make G easier to use for one user while providing the full capabilities
for another user.

* On Windows and the Macintosh, tRanction palette is hidden when
a front panel is the active window and thentrol palette is hidden
when a block diagram is the active window. If you prefer to have all
palettes visible at all times, edit your Preferences file to add a line that
sets theshowAllPalettes preference tarue .

Adding Vis and Controls to user.lib and instr.lib

The simplest method for adding new entries tatbetrols andFunctions
palettes is to save them inside of tiser .lib directory. When you restart
G, theUser Libraries subpalette of thEunctions palette contains
subpalettes for each directoyy , or mnufile in user lib and entries
for each file inuser.lib

ThelInstrument Drivers palette of thé-unctions palette corresponds to
theinstr .lib directory. You might want to put instrument drivers in this
directory to make them easily accessible from the palettes.

Note Thevilib  directory contains files from National Instruments overwritten when
you upgrade your software. Therefore, do not save your own files\inlid

Installing and Changing Views

Controls andFunctions palette information is stored in thenus

directory of your application directory. Thenus directory contains
directories corresponding to each view you create or install. If you are
running off a network, you might want to define individoaainus

directories for each user. You can add a line to your preference file that sets
themenusDir  preference to an alternative path, one that is unique for each
user preference file.

This organization makes it easy to transfer views to other people. To give
someone else a copy of a view, give the person a copy of the directory of
the view from themenus directory. After placing it in his or hefenus
directory, the view becomes available for the next launch.

To switch to another view, seldetlit»Edit Control & Function Palettes.
Then select the view you want from timenu setupring.

To create your own view, see the description in the follovAalgttes
Editor section. For more details on how views are organized, see the
How Views Worlsection in this chapter.
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Palettes Editor

For more control of the layout and contents of@loatrols andFunctions
palettes, use thedit»Select Palette Sebption. When you select this
option, you enter the Palettes Editor. The Edit Palditdeg box appears.

In this editor, you can rearrange the contents of palettes by dragging objects
to new locations. If you want to delete, customize, or insert objects, pop up
on a palette as shown in the following illustration, or pop up on an object
within a subpalette.

[] Controls

Numeric

Submenu...
Mope Submenu Custom Controlis)...

Delete Submenu

Copy lcon Empty Slot

Edit Submenu lcon... Empty Row
Rename Submenu... "Control..." Option
Synchronize with Directory |

With the pop-up options, you can modify anything within trser

Libraries menu (corresponds t@er .lib ) or thelnstrument I/O menu
(corresponds tmstr .lib ). If you want to edit the top-lev€ontrols or
Functions palettes or any other predefined menus, you must first create a
new view by selectingew setup...from themenu setupring in the Edit
Palettes dialog box. After selecting a new setup, any menu you modify that
is part of the default-menu set copies to the directory of your view in the
menus directory before making changes. This protection of the built-in
palettes ensures that you can experiment with the palettes without
corrupting the default view.

If you want to add a new object in a new row or column of a subpalette, pop
up in the space at the right edge or bottom of the subpalette. You also can
create new rows or columns by dragging objects to the area to the right or
bottom of the palette.

Creating Subpalettes

When you add a palette, you can move it to a new location, edit the
subpalette icon, or rename the palette using the Palettes Editor.

If you want to create a palette from scratch or hook in a palette not in
user .lib orvi .lib , you can usénsert»Submenu...from the pop-up
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menu in the Palettes Editor. When you select this option, you see the
following dialog box.

Insert Submenu

i@ Create a new menu file {.mnu)
i 1 Link to an existing menu file {_mnu)
i 1 Link to a library (_11b)

{:l Link to a directory

You can store submenu information in VI libraries omnufiles. A menu
file or .LLB file can contain onEunctions palette and on€ontrols
palette.

SelectCreate a new menu fileto insert a new, empty palette. You are
prompted for a palette name and a file to contain it. It is recommended you
add anmnu extension to the file to indicate it is a menu (palette). In
addition, it is recommended you either storetheifile in the directory of

your view in themenus directory or in the same directory containing the
controls or VIs the menu largely represents.

SelectLink to an existing menu file if you have an existing palette you
want to add to the Controls or Functions palette file.

SelectLink to a directory if you want to create a palette with entries for

all the files in the directory. Selecting this also recursively creates
subpalettes for each of the subdirectories, VI librariespau files within

the directory. These palettes automatically update if you add new files to or
remove files from the directories you selected. Enable or disable the
automatic update setting for a subpalette by selectingutmnatic

Update From Directory pop-up option. This menu item actually creates
menu (palette) files inside each subdirectory.
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SelectlLink to a library if you want to link to th&Controls palette or
Functionspalette that is a part of a VI library. As with the previous setting,
the palette for a library automatically updates as you add files to the library.

Notice you can mix VIs, functions, and subpalettes within a palette freely.
Also, a palette can contain VIs from different locations.

Moving Subpalettes

Because clicking a subpalette opens it, you cannot move a subpalette by
dragging it. To move a subpalette, selectMloze Submenumenu item

from its pop-up menu. As a shortcut, hold down<4Bhift> key while

you click a subpalette to drag it instead of opening it.

How Views Work

Both.mnu files and VI library files are binary files that can contain one
Controls palette and onEBunctions palette. In addition, both types of files
contain an icon for th€ontrols andFunctions palettes. Each submenu
you create must store in a separate file.

When you select a view, G looks for a directory inrtleaus directory. It
builds the top-leveControls andFunctions palettes from theoot.mnu
file within that directory. The top-level palettes then link to otheiu or
VI library files for each subpalette within the palette.

If you link to a directory, you initiate a search to check if the directory
contains alir.mnu file. If so, the directory uses thatnufile as the
subpalette for the directory. Otherwise, your application crealiesmau

file based on the contents of the directory. For each VI (or control), an entry
is created. For each subdirectomnu file, or VI library, your application
creates a subpalette.

G automatically updates the palettes within a VI library as you add files to
or remove files from the VI library. You have the option to setrauu file

to update based on the contents of a directory. To change this setting, select
Synchronize with Directory from the pop-up menu of the subpalette icon.
Although it is a good idea to keep thenufile in the same directory with

which it is synchronized, you actually can select any directory. In addition
to reflecting a specific directory, you can put additional VIs or controls

from other directories in the same palette. You also can remove VIs from
the palette by selectirielete Itemfrom the pop-up menu.
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Front Panel Objects

This section contains information about front panel objects, controls and
indicators and ActiveX controls.

Part 1, Front Panel Objectscontains the following chapters.

Chapter 8)ntroduction to Front Panel Objectitroduces the front
panel and its two components—controls and indicators. It also
explains how to import graphics from other programs to use in your
controls.

Chapter 9Numeric Controls and Indicatordescribes how to create,
operate, and configure the various styles of numeric controls and
indicators.

Chapter 10Boolean Controls and Indicatardescribes how to create,
operate, and configure Boolean controls and indicators.

Chapter 11$tring Controls and Indicatorslescribes how to use string
controls and indicators, and the table. You can access these objects
through theControls»String & Table palette.

Chapter 12Path and Refnum Controls and Indicatodescribes how
to use file path controls and refnums, which are available from the
Controls»Path & Refnum palette.

Chapter 13L.ist and Ring Controls and Indicatqrdescribes the
listbox and ring controls and indicators, which are available from the
Controls»List & Ring palette.

Chapter 14Array and Cluster Controls and Indicatoidescribes how
to use arrays and clusters. You access arrays and clusters from the
Controls»Array & Cluster palette.



Part Il Front Panel Objects

e Chapter 15Graph and Chart Controls and Indicatordescribes how
to create and use the graph and chart indicators in the
Controls»Graph palette.

« Chapter 16ActiveX Controlsdescribes the ActiveX Container
capability, which enhances the interactions between G-based software
and other applications.
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Introduction to Front
Panel Objects

This chapter introduces the front panel and its two components — controls
and indicators. It also explains how to import graphics from other programs
to use in your controls.

Building the Front Panel

Controls and indicators on the front panel are the interactive input and
output terminals of the VI. You use controls to supply data to a VI, and
indicators display the data generated by the VI. This section explains a few
editing options common to all controls and indicators.

The Controls palette on the front panel is shown in the following
illustration.
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If you idle your cursor over any square of the palette, the name of the
collection of controls is displayed at the top of the palette window.

The types of controls in the palette, from left to right, top to bottom, are as
follows.

« Numeric controls—For entering and displaying numeric quantities.

* Boolean controls—For entering and displaying TRUE/FALSE
values.

e String & Table controls—For entering and displaying text.

e List & Ring controls — For displaying and/or selecting from a list of
options.

* Array & Cluster controls — For grouping sets of data.
e Graph controls— For plotting numeric data in chart or graph form.

« Path & Refnum controls— For entering and displaying file paths and
for passing refnums from one VI to another.

« Decorations— For adding graphics to customize front panels. These
objects are for decoration only, and do not display data.

* User Controls— For automatically saving customized controls into
user.llib file.

« ActiveX — For enhancing ActiveX support. These objects include the
ActiveX Container and the ActiveX Variant.

e Select a Control..— For choosing a custom control of your own
design.

Front Panel Control and Indicator Options

When you pop up on a control or indicator on the front panel while editing
a VI, you see a menu like the one shown in the following illustration. The
options above the line in the pop-up menu are common to all controls and
indicators. Below the line, for exampRepresentation Data Range..,
andFormat & Precision... are customized depending on the object.
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2001 Change to Indicator

Find Terminal

Show 4
Data Operations 4
Create Attribute Node
Key Navigation...
Replace 4

Representation 4
Data Range...
Format & Precision...

Objects in theControls palette initially configure as controls or indicators
based on how they are typically used. For example, if you choose a toggle
switch from theBooleanpalette, it appears on the front panel as a control,
because atoggle switch is usually an input device. Conversely, if you select
an LED, it appears on the front panel as an indicator, because an LED is
usually an output device. However, you can reconfigure all controls to be
indicators, and indicators to controls, by choosingdhange to Control

or Change to Indicator commands from the pop-up menu of the object.
TheNumeric palette contains both a digital control and a digital indicator
because you use both frequently. Bitgng palette also contains both a
string control and a string indicator.

TheFind Terminal menu item on the control and indicator pop-up menus
highlights the block diagram terminal for the control or indicator. This item
is useful for identifying a particular object on a crowded block diagram.

TheCreate Attribute Node menu item creates an Attribute Node for the
object. Use attribute nodes to control various properties of the object
programmatically.

The Showsubmenu shows a list of the parts of a control you can choose to
hide or show, such as the name label.

When editing a VI, the pop-up menu for a control contaiba

Operations submenu. Using items from this menu, you can cut, copy, or
paste the contents of the control, set the control to its default value, make
the current value of the control its new default, and read or change the
control description. (When editing a VI, you can paste data into an
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indicator.) Some of the more complex controls have additional options; for
example, the array has options to copy a range of values and to show the
last element of the array.

The following illustration shows the edit moData Operationssubmenu
for a numeric control. This submenu is the only part of the pop-up menu of
a control available while the VI is running.

Reinitialize to Default
take Current Walue Default
Cut Data

Copy Data

Faste Data

Description...

Online Help

If you pop up on a control while a VI is running, you can change only the
value of a control. While running a VI, you cannot change most
characteristics of a control, such as its default value or description.

Replacing Controls

TheReplacemenu item of the pop-up menu of an object displays the
Controls palette from which you can choose a control or indicator to take
the place of the current item on the front panel.

UseReplacewhen you want to choose a different style of control, but do
not want to lose all of the editing options you selected for the control up to
that point. Selectineplacefrom the pop-up menu preserves as much
information as possible about the original control, such as its name,
description, default data, dataflow direction (control or indicator), colors,
size, and so on. However, the new control keeps its own data type. Wires
from the terminal of the control or local variables remain connected on the
block diagram.

The more similar the control is to the one being replaced, the more the
original characteristics can be preserved. As an example, the following
illustration shows a slide being replaced by a different style of slide.
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The next illustration shows the result.
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The new slide has the same height, scale, value, name, description, and
so on.

If you were to pop up and replace the slide with a string instead, only the
name, description, and data flow direction are preserved, because a slide
does not have much in common with a string.

Another way to replace a control that does not us®#pacepop-up

menu and does not preserve any characteristics of the old control involves
copying the control to the Clipboard. This method does keep the
connections on the block diagram and VI connector. Copy the new control
to the Clipboard. Then select the old control you want to replace with the
Positioning tool, and seleEdit»Paste The old control is discarded and

the new control is pasted in its place.
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Key Navigation Option for Controls

All front panel controls havekéey Navigation... menu item. You use this

to associate a keyboard key combination with a control. When a user enters
that key combination while running the VI, G acts as though the user had
clicked on that control. The associated control becomes the key focus. If the
control is a text control, any existing text within that control is highlighted,
ready for editing. If the control is a Boolean control, the state of the button
is toggled.

Note The Key Navigation... menu item is disabled for indicators, because you cannot
enter data into an indicator.

You also can uskey Navigation... to indicate whether a control is
included when the user tabs from control to control while running.

You can usé&ey Navigation... to associate function keys with various
buttons that control the behavior of a panel. You can use it to define a
default button for Vls that behave like a dialog box, so that pressing the
<Enter> (Windows and HP-UX), or <Return> (Macintosh and Sun) key
becomes the same as clicking the default button.

If you associate theEnter> or the<Return> key with a dialog box
button, G automatically draws that button with a special thick border
around it, as shown in the following illustration.

There are two important things to know about4Beter> or the
<Return> key.

1. If you associate theEnter> or the<Return> key with a control,
then no control on that front panel ever receives a carriage return.
Consequently, all strings on the front panel are limited to a single line.

2. When you tab from control to control, buttons are treated specially.
If you tab to a button and press #nter> or<Return> key, the
button you tabbed to is toggled, even if another control has the
<Enter> or<Return> Kkey as its key navigation setting.

You cannot assign the same key combination to more than one control in a
given front panel.
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When you select thikey Navigation... option, G displays the following
dialog box.

Key Navigation

— K.y Azzignment ————— Current Azsignments:
I Mone |L|
M adifiers

R

L

IE] Skip this control when tabhing]

| ] | | Cancel |

M aote:

Some kevboards might not have <Homes . <End:, -
¢Page Upz, <Page Down, or <Clearr keys. Some

kewboards do nat have function keys or might anly hawve [
E1-EFi0 -

You use the ring at the top left of this dialog box to select the key for this
control. You can define the key to be a single key, or a key held in
combination with a modifier key, such as #&hift> key. In addition to
the<Shift>  key modifier, you can choose the menu key, which is the
<Alt> (Windows and HP-UX); <command>(Macintosh); or <meta> (Sun) key.

The options in this ring are shown in the following illustration.
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A list of the current keyboard associations, labeled Current Assignments
(shown in the preceding illustration), is located at the top right dfélye
Navigation dialog box.

W Mone
<Return:
<Ezcapes
<Homme =
<End
<Page Up*
<Page Downs
“Clear
Fi
Fz
FZ
Fd
FS
F&

F7
Fa
Fa
Fio
Fi1
Fiz

Panel Order Option

Controls and indicators on a front panel have a logical order, called panel
order, unrelated to their position on the front panel. The first control or
indicator you create on the front panel is element 0, the second is 1, and
so on. If you delete a control or indicator, the panel order adjusts
automatically. Change the panel order by seledfititgp>Panel Order....

The appearance of the front panel changes, because it is now in panel order
edit mode, as shown in the following illustration.
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e Click to set to [I

The white boxes on the controls and indicators show their current places in
the panel order. Black boxes show the new place in the panel order of the
control or indicator. Clicking an element with the panel order cursor sets
the position of the element in the panel order to the number displayed inside
the toolbar. Change this number by typing a new number into it. When the
panel order is the way you want it, click tBeter button to set it and exit

the panel order edit mode. Click tkéoutton to revert to the old panel order

X and exit the panel order edit mode.

X Button

The panel order determines the order in which the controls and indicators
appear in the records of datalog files produced by logging the front panel.

Customizing Dialog Box Controls

There are several types of dialog box controls: dialog rings (which are

[lq Rin
g ;‘1 g numeric), dialog buttons (which are Boolean), dialog checkmarks, and
alog ring dialog buttons.
The dialog controls change appearance depending on which platform you
i h ith th I d ical of th
dialog button are using. Each appears with the color and appearance typical of that

platform.
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(Windows) The dialog button appears as a three-dimensional rectangular
gray button. The dialog ring appears as a flat black-and-white rectangle, as
shown in the following illustration.

m Windows | w |

(Macintosh) The dialog button appears as a two dimensional
black-and-white oval. The dialog ring appeassa black-and-white
rectangle with a drop shadow, as shown in the following illustration.

Macintosh | "l'l

(UNIX) The dialog button appears as a three-dimensional rectangular gray
button. The dialog rings appears as a flat, black-and-white rectangle with
drop shadow, as shown in the following illustration. You cannot color the
dialog button or the dialog ring.

UNIX | w|

Because these controls change appearance, you can create VIs with
controls whose appearance is compatible with any of the computers that
can run G. Using these controls, along with the checkmark and radio button
Booleans, simple numeric controls, simple strings, and the dialog fonts,
you can create a VI that adapts its appearance to match any computer you
use the VI on. By using thél Setup options to hide the menu bar and
scrollbars and control the window behavior, you can create VIs that look
like standard dialog boxes for that computer.
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Customizing Controls Using Imported Graphics

You can import graphics from other programs for use as background
pictures, as items in ring controls, or as parts of other controls. For more
information on using graphics in these controls, see Chapteistand

Ring Controls and Indicatorsand Chapter 24Zustom Controls and Type
Definitions

Before you can use a picture you must load it into the clipboard used by
BridgeVIEW or LabVIEW. There are one or two ways to do this,
depending on your platform, as described below.

(Windows) If you can copy an image directly from a paint program to the
Windows Clipboard and then switch to G-language software, the picture is
automatically imported to the G-language clipboard. Drag a graphics file
directly from the file system or, use tlmeport Picture from File... menu

item from the Windowg&dit menu to import a graphics file into the

G Clipboard. In Windows 3.1, use the latter method on BMP, CLP, EMF,
GIF, JPG, LZW, PCX, PNG, TARGA, TIFF, WMF, and WPG files. On
Windows 95/NT, use BMP, CLP, EMF, JPG, PNG, and WMF files.

Under Windows 95/NT you can drag and drop bitmaps and metafiles
directly on LabVIEW and BridgeVIEW panels.

(Macintosh) If you can copy an image directly from a paint program to the
Windows Clipboard and then switch to G-language software, the picture is
automatically imported to the G-language clipboard.

(UNIX) Use themport Picture from File... menu item from the UNIX
Edit menu to import a picture of type X Window Dump (XWD), which you
can create using thevd command, or a JPG or PNG picture.

(All Platforms) When a picture is on the G-language software Clipboard, you
can paste it as a static picture on your front panel, or you can us®tire
Picture menu item of a pop-up menu, or thgport Picture options in the
Control Editor.

For an example of how to import graphics from other programs, see
examples\general\controls\custom b .
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Numeric Controls and Indicators

This chapter describes how to create, operate, and configure the various
styles of numeric controls and indicators.

When you seledControls»Numeric from the palette, a new palette of
controls and indicators appears, as shown in the following illustration.

[] Controls

Numeric

¥
n .ﬁ- fal ¥l
—D:Ullumeru:
E Digital Control
and
Eing

-

-1 M- - 1|:--:- 0
. H s.u-H ca-
wa-U o -

10.0-
T OO T =S N

Eo-
[0 L I T R T R T 0i-

,@H@ = )

RLU]

EFn

Numeric controls and indicators are either digital, slide, rotary, ring,
enumerated, color box, or color ramp controls.

Digital Controls and Indicators

A digital numeric control and indicator are shown in the following
illustration.

© National Instruments Corporation
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T

Operating tool

Enter button

Digital numerics are the simplest way to enter and display numeric data.

Use the Operating tool and any of the following methods to increase or
decrease the displayed value.

e Click inside the digital display window and enter numbers from the
keyboard.

« Click the increment or decrement arrow of the digital control or
indicator.

* Place the cursor to the right of the digit you want to change and press
the up or down keyboard arrow.

TheEnter button appears on the toolbar to remind you the new value
replaces the old only when you press<hater> key on the numeric
keypad, click outside the display window, or click Erer button.

While the VI is running, any of these actions prevent the software from
interpreting intermediate values as input. For example, while changing a
value in the digital display tb35, you do not want the VI to receive the
valuesl and13 before getting35. This rule does not apply to values you
change using the increment/decrement arrows.

Numeric controls accept only the following—decimal digits, a decimal
point,+, —, uppercase or lowercaseand the termmf (infinity) andNaN

(not a number), and in absolute time format the following characters: /, :,
and uppercase or lowercase am and pm. If you exceed the limit for the
selected representation, the software coerces the number to the natural
limit. For example, if you entar34 into a control set for byte integers, the
software coerces the numbenty . If you incorrectly enter non-numeric
values such asNNfor NaN, orifn for Inf, the application ignores them
and uses the previous value.

The increment buttons usually change the ones digit. Increasing a digit
beyond9 or decreasing below affects the appropriate adjacent digit.
Increasing and decreasing repeats automatically. If you click an increment
button and hold the mouse button down, the display increases or decreases
repeatedly. If you hold theShift> key down while increasing the value
repeatedly, the size of the increment increases by successively higher
orders of magnitude. For example, by ones, then by tens, then by hundreds,
and so on. As the range limit approaches, the increment decreases by orders
of magnitude, slowing down to normal as the value reaches the limit.
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In a digital control for time and date, individual components (second,
minute, hour, day, month, year) as well as individual relative time
components can be increased and decreased.

To increase a digital display by a digit other than the ones digit, use the
Operating tool to place the insertion point to the right of the target digit.
When you are finished, the ones digit again becomes the increment digit.

Numbers might become too large to fit in the digital display on the control.
You can view the complete value by resizing the control, increasing its
length horizontally.

Digital Numeric Options

You can change the defaults for digital numerics through their pop-up
menus. The pop-up menu for a digital numeric is shown in the following
illustration.

Change to Indicatar
Synchronous Display

Fird Terminal

Show 2
Data Operations b
Create 3
K.ep Mavigation...
Feplace b

R epresentation 2
Data Range...
Farmat & Preciziaon...
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Displaying Integers in Other Radixes

You can display signed or unsigned integer data in hexadecimal, octal, and
binary form, in addition to decimal form. To change the form, select
Show»Radixfrom the numeric pop-up menu.ddappears on the housing

of the numeric display as shown in the following illustration.

diqital contral

dD ecimal
B
Lrobad
P

If you click thed, the menu shown in the previous illustration appears. The
number 32,753 is displayed in each radix in the following illustration.

|n:|1'g1'ta] contral - decima]l |':|1"5I1Uf~3"I conkrol - Wta‘l
o)
Ha[zz752 | 77751
|-:I1'g1'ta1 control —hexadecima'll |':|1.'E|i*3] contral - binaf"Jl
=|7FF 1 ﬁbl11111111111DDD1 ||

Changing the Representation of Numeric Values

You can choose from 12 representations for a digital numeric control or
indicator. Use th®epresentationitem from the control or indicator

pop-up menu to change to 32-bit single-precision (SGL), 64-bit double
precision (DBL), extended-precision (EXT) floating-point numbers, or one
of the six integer representations: signed (18) or unsigned (U8) byte
(8-bit), signed (116) or unsigned (U16) word (16-bit), or signed (132) or
unsigned (U32) long (32-bit) integers. You also can choose complex
extended-precision (CXT), complex double-precision (CDB), or complex
single-precision (CSG) floating-point numbers. These choices are shown in
the following illustration.
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Change to Indicataor
Synchronouz Dizplay
Find Terninal

Show 2
Data Operations  #
Create 2
F.ep Mavigatian...
Feplace 3

R eprezentation
Data Range...
Format & Precizion...

EXT || DBL || SGL

Range Options of Numeric Controls and Indicators

Each representation has natural minimum and maximum range limits. For
example, signed byte integers are limited to values from —128 through 127.
Floating-point numbers have the ranges shown in the following table.

Table 9-1. Range Options of Floating-Point Numbers

Extended
Precision Single Double (Platform Dependent)

Minimum Positive 1.5E-45 5.0E-24 1.9E-4951
Number
Maximum Positive 3.4E38 1.7E308 1.1E4932
Number
Minimum Negative —1.5E-45 -5.0E-324 —1.9E-4951
Number
Maximum Negative -3.4E38 -1.7E308 —1.1E4932
Number
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Note Although G can process in the range shown in Table 9RBnge Options of
Floating-Point Numberghe range of extended floating-point numbers it can
represent and display in text format is £9.9999999999999999E999. For HP-UX,
Concurrent and Power Macintosh, the range for extended floating-point numbers
is the same as for double-precision numbers.

You can choose other limits within these natural bounds witD e
Range...item from the pop-up menu. The following dialog box appears.

Data Range

Representation

Masimum [Inf |

Double Precision

Increment [0.00E+D |

IT Dalue is Dut of Range:
Ignore | Default [0.00E+D |

[ Use Default Values ]

)

Numeric Range Checking

You also can limit intermediate values to certain increments. For example,
you might limit word integers to increments of 10, or single-precision
floating-point numbers to increments of 0.25. If you change either the
limits or the increment, you need to decide what to do if a VI or the operator
attempts to set a value outside the range or off the increment. You have the
following options.

Ignore G does not change or flag invalid values.
Clicking the increment and decrement
arrows changes the value by the
increment you set, but the value does not
go beyond the minimum or maximum
values.
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Suspend

Chapter 9 Numeric Controls and Indicators

G changes invalid values to the nearest
valid value automatically. For example, if
the minimum is 3, the maximum is 10,
and the increment is 2, valid values are 3,
5,7,9,and 10. G coerces the value 0 to 3,
the value 6 to 7, and the value 100 to 10.

G suspends execution of a VI or subVI
when a value is invalid. When you choose
to suspend on invalid values, G keeps a
copy of all the front panel data in memory
in case you need to open the front panel to
show an error.

A top-level VI with controls whose values are invalid cannot run. If the
value of a control is invalid before a subVI runs (when a subVI is about to
execute), the VI is suspended. The front panel of the VI opens (or becomes
the active window) and the invalid control(s) are outlined in red (or a thick
black line on a black-and-white monitor). The toolbar on the block diagram
of a suspended subVI looks like the following illustration.

You must set the control to a valid value before you can proceed. When all
control values are valid, the toolbar looks like the following illustration.
Click theRun button to continue execution.

Run button

O 1] [ [l

Return to Caller button
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If the value of an indicator or control becomes invalid while a subVI is
running, execution pauses as if there were a breakpoint. The front panel of
the VI opens (or becomes the active window). The indicator(s) and
control(s) currently invalid are outlined in red (or a thick black line on a
black-and-white monitor). When a suspended VI finishes execution, if
there are any invalid values, tReturn to Caller button is disabled, as
shown in the following illustration.

(%] ol

You must set indicators to valid values before you can return to the calling
VI. You also can change the control values to produce valid outputs and run
the subVI again by clicking tHeun button. When all indicator values are
valid, the toolbar looks like the following illustration. Click tReturn to

Caller button to continue execution.

() bl kit

Format and Precision of Digital Displays

You can select the format of your digital displays for numerics or for time
and date. If numeric, you can choose if the notation is floating-point,
scientific, engineering, or relative time in seconds. You can select their
precision, that is how many digits to the right of the decimal point they
display, from 0 through 20. The precision you select affects only the
display of the value; the internal accuracy still depends on the
representation.

To change any of these parameters of the digital display, Selenat &
Precision...item from the display pop-up menu. The dialog box opens in
numeric format, as shown in the following illustration.
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Format & Precision

Format: Example:

Mumeric - 314

HETE T L3

Digits of Precision

{® Floating Point Notation
) Scientific Notation

> Engineering Notation
{2 Relative Time (seconds)

You can see an example at the top of the dialog box as you make selections.
Examples of format and precision settings on a digital control are shown in
the following illustration.

Elﬁﬁ.ﬂ 23 | E]E-.Sﬂ 2Z1E+0

floating-point notation scientific notation
4 digits after the decimal 6 digits after the decimal

ElES.ﬂ QE+0 ElES a7 0S

engineering notation relative time
3 digits after the decimal seconds
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To format absolute time and/or date, seléoie & Date from the Format
ring at the top of the dialog box. The dialog box changes, as shown in the
following illustration.

Format & Precision

Format: Example:
| Time & Date w|  06:28:39 PM
02/17/1995
H Time
® AM/PM 2 HH:MM
i 24-hour (@ HH:MM:SS

Seconds Precision: Ij|

& Date
@MDY {2 Don't Show Year
D D/MSY {_) 2 Digit Year
O Y¥/MAD {® 4 Digit Year

“
L 3

Cancel

You can format for either time or date, or both. If you enter only

time or only date, unspecified components are inferred. If you do not

enter time, 12:00 a.m is the assumed time. If you do not enter date, the
previous date value is assumed. If you enter date, but the control is

not in a date format, the month, day, and year ordering are assumed, based
on the settings in the Preferences dialog box. If you enter only two digits
for the year, the following is assumed: any number less than 38 is in the
twenty-first century, otherwise the number is in the twentieth century.

Though absolute time is displayed as a time and date string, it is represented
internally as the number of seconds since 12:00 a.m. Jan. 1, 1904,
Universal Coordinated Time (UTC), formerly known as Greenwich Mean
Time (GMT). The software keeps track of these components internally.

When a control is in absolute time format, you always have the option to enter
time, date, or time and date. If you do not want a date assumed, use relative time.
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Notice the examples at the top right of the dialog box, which change as you
make selections.

The valid range for time and date differs across computer platforms as
follows.

(Windows) 12:00 a.m. Jan. 2, 1970 — 12:00 a.m. Feb. 4, 2106
(Windows 95/NT) 12:00 a.m. Jan. 2, 1970 — 12:00 a.m. Jan. 17, 2038
(Macintosh) 12:00 a.m. Jan. 2, 1904 — 12:00 a.m. Jan. 2, 2040
(UNIX) 12:00 a.m. Dec. 15, 1901 — 12:00 a.m. Jan. 17, 2038

These ranges might be up to a few days wider depending on your time zone
and if daylight saving time is in effect.

Slide Numeric Controls and Indicators

The slide controls and indicators are shown in the following illustration.

- Simple Yer tical Slide o~ [Mertical Slide o [Yertical Pointer Slide
O0-re 1000-T = 1000-n e
" H.Eoe | :
2.00- 2.00- 2.00-
&.00- &.00- &.00-
4.00- 4.00- 4.00-
2.00- z.00- 2.00-
0.0o0-= 0.00-F oo- =
|S1'mp]e Horizontal S]idel |H0r1'zonta1 Sh’del Horizontal Pointer Slidel
< FEET : e
k| I | | I || I | d—F0
1 [l [ 1 | 1 1 1 1
Q.00 5.00 10.00 0.00 S.00 10.00 0.00 .00 10.00
1000 & |ertical Fill Shidel Therrometer _ _
AR 10.00- 10.00- m
: E
i B = Al
con. oo | [BEZT T
&.00- £.00- 6.00-
4.00- 4.00- 4.00-
2.00- z.00- 2.00-
0.o0-= 0.00- 0.00-
Horizontal Fill Slide
Fdle.33
S
1 1 1
0.00 5.00 10.00
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Each slide has a digital display. Use the digital displays to enter data into
slide controls, as explained in tBéggital Controls and Indicatorsection

of this chapter. Use the Operating tool on such parts as the slider, the slide
housing, the scale, and increment buttons to enter data or change values.
The slider is the part that moves to show the value of the control. The
housing is the stationary part that the slider moves on or over. The scale
indicates the value of the slider, and the increment buttons are small
triangles at either end of the housing. An example of a slider is shown in
the following illustration.

-:||I5 05 |

E113

4] LU |-
I I I
0.a0 5 D‘il:_!r'r? 10.00

You can drag the slider with the Operating tool to a new position. If the VI
is running during the change, intermediate values might pass to the
program, depending on how often the VI reads the control.

You also can click a point on the housing and the slider snaps to that
location as shown in the following illustration. Intermediate values do not
pass to the program.

Ok:I= ) EET
v 1 N [l | tr J 0 |t
| | | | | |
I:I.IIIIII{.‘J'MJ S.00 10.00 0.a0 h’ S.00 10.00

If you use a slide that has increment buttons, you can click an increment
button, as shown in the following illustration, and the slider moves slowly
in the direction of the arrow. Hold down tkshift> key to move the

slider faster. Intermediate values might pass to the program.

EE?.E'E

A [l I{LJ
I I

.o =00 10.
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Just like the digital numerics, slides h&#presentation Data Range..,
andFormat & Precisionoptions in their pop-up menus. These options
work the same as they do for digital displays, except that slides cannot
represent complex numbers. Slides also have other options. The following
illustration shows a slide pop-up menu.

Change to Contral
Synchronous Display

Find Terminal

Shiow »
Data Operations
Creats 4
KewhlEvigatiarn...
Replace »

Representation b
Data Range. .
Format & Precizion...
Add Slider

Fill Dptionz »
Scale 4

Text Labels

The Show»Digital Displaymenu item of the pop-up menu controls the
visibility of the digital display of the slide.

The scale submenu menu items apply only to the scale. The scale pop-up
menu is shown in the following illustration.

[P Marker spacing >

Sl ko Erher

Test Label: [MElete o arker
Farmat & Precizion...
Style »
I apping »

TheMarker Spacing item is described in thecale Markersection of this
chapter.

TheFormat & Precision item functions as described in thermat and
Precision of Digital Displaysection of this chapter.
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The Style item shows you the palette shown in the following illustration.
You can display a scale with no tick marks or no scale values, or you can
hide the scale altogether.

1.0- | 10- -
5= -
ao- | oo- -
1.0 1.0
0.E H-:-ne-g
a0 a0 :
103 103 =
o0 ood E

TheMapping item shows you the option of linear or logarithmic scale
spacing, as shown in the following illustration.

+ Linear
Logarithmic

If you change to Logarithmic spacing, and the low scale limit is less than
or equal to 0, the limit automatically becomes a positive number, and other
markers are revalued accordingly. Keep in mind that scale options,
including the mapping functions, are independent of the slide data range
values, which you change with tBata Rangepop-up option. If you want

to limit your data to logarithmic values, change the data range to eliminate
values less than or equal to zero.

Scale Markers

The scale of a numeric control or indicator has two or more markers, which
are labels that show the value associated with the marker position.

Changing Scale Limits

The outer two markers are the scale limits. They are not required to
coincide with the range limits, but they can be a subset of the range of
the control or indicator. For example, the default range of a 16-bit signed
integer control or indicator is —32,768 to 32,767. However, you can set
the data range to be —1,000 to 1,000 and then set the scale limits to be
0 and 500.
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scale
range
<@@—— datarange

-@——— representation limits ————J|

You can change the minimum, maximum, and increment of a scale
interactively in five ways using either the Operating tool or the Labeling
tool. If you want to change a scale programmatically, use the attribute node.
See Chapter 2ttribute Nodesfor more information on changing a scale
programmatically using the attribute node.

« If you type a new maximum value into its display, the minimum stays
the same, and G recalculates the increment automatically.

« If you type a new minimum value into its display, the maximum stays
the same, and G recalculates the increment automatically.

» If you type the current minimum value into the maximum display,
G flips the scale so that what was formerly the minimum is now the
maximum, and can flip the scale so that what was formerly the
maximum is now the minimum. G also recalculates the increments.

» If you type into any intermediate marker, the increment becomes that
value minus the minimum.

« Ifyou change the size of the slide, the increment adjusts so the markers
do not overlap.

Selecting Non-Uniform Scale Marker Distribution

By default, scale markers are evenly spaced. If you want, you can indicate
exactly where inner markers for a scale are located. This is useful for
marking a few specific points on a slide (such as a set point or threshold).
If you want non-uniform marker distribution, sel&ale»Marker
Spacing»Arbitrary from the pop-up menu of the scale. Then, you can pop
up on the slide and selegtale»Add Marker or pop up on the marker and
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selectAdd Marker . A marker appears at an arbitrary location, as shown in
the following illustration.

L
.

29-

o.o-

411

To delete an arbitrary marker, pop up on the slide and Sdat#»Delete
Marker or pop up on the marker and selBefete Marker.

When a marker is created, you can type a number in the marker; the
location changes automatically to match the number. You also can move
markers by dragging ticks, the small lines beside the data points of the
scale. To do so, idle the Operating tool over the ticks. The cursor changes
to show the ticks can move, as shown in the following illustration.

P
10.0-7 ED.DD |

1.9

o.o-

4l

In Uniform mode, dragging a tick changes the marker distribution. In
Arbitrary Markers mode, dragging a tick moves only the current marker,
without changing the other markers. Pressingtte> (Windows);

<option> (Macintosh); <meta> (Sun); or <Alt> (HP-UX) key while

dragging creates a new marker. (If the ticks are hidden, as chosen in the
Scale»Styledialog box, you cannot drag them.)
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The arbitrary markers affect only the inner markers, not the two end
markers. If no arbitrary markers are visible in the current range, the scale
reverts temporarily to uniform markers.

Text Scale

You also can use text labels on numeric scales. Labels are useful because
you can associate strings with integer values. This configuration is useful
for selecting mutually exclusive options. To implement this option, select
Text Labels from the slide pop-up menu. The slide control appears with
default text labelsnin andmax, and you can begin typing immediately to
enter the labels you want. Preshift-Enter> (Windows andHP-UX), or
<Shift-Return> (Macintosh andSun) after each label to create a new

label, anckEnter> on the numeric keypad after you finish your last label.

You can use the Labeling tool to edit andmax labels in the text display
or on the slide itself.

. Function . Function
10.0 —|ﬂn.33 il T
£ Change to Indicator
B.0- Synchronous Dizplay
40— Find Terminal
2 - Show 2
| Data Dperations  » :
0.0-5  Create 3 ==
K.y Mavigation...
Replace 3

Reprezentation P

Data Range...
Farmat & Precizion...
Add Slider

Fill dptions 3
Scale 3

ot —, —

You can pop up on the text display and se®iw»Digital Displayto find

out what numeric values are associated with the text labels you create.
These values always start at zero (on the bottom of vertical slides and on
the left or right of horizontal slides) and increase by one for each text label.
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Use theAdd Item After or Add Item Before item from the text display
pop-up menu to create new labels, as shown in the following illustration.

. Function
Yol AC— HWI
L

hange to Indicator
Synchronous Display
Fitrd
Show 2
Data Operationz:  k
Create 3

YWaltg DC—

|

Format & Precizian...

Add [tem Before [g

Hemoel e
[izable [tem

. Function
Ohrmg=—7 T

Walkg AC—H

YWaltz DC-

-

You also can pressShift-Enter> to advance to a new item when you
are editing the existing items.

Filled and Multivalued Slides

TheNumeric palette contains four controls configured to fill from the
minimum to the slider value. These controls include a vertical slide, a
horizontal slide, the tank, and the thermometer. Usingith®ptions item

in the pop-up menu, you can turn all slides into fill slides, and you can turn
fill slides into regular slides. Normally, you have three choices, as shown
in the following illustration. These are fill from the minimum value to the
slider location, fill from the maximum value to the slider location, or use
no fill.

G Programming Reference Manual 9-18 © National Instruments Corporation



Chapter 9 Numeric Controls and Indicators

10.0-
HCE LA X B
R X

You also can show more than one value on the same slide. To do so, choose
Add Slider from the pop-up menu. A new slider appears along with a new
digital display as shown in the following illustration.

1%
e

i

foeed
W

10.0-
5.0-

&.0-
4.0-
2.0-

AL I
F

0.0-

When you do this, two more options appear irRifleOptions palette Fill
to Value AboveandFill to Value Below. These options apply to the active
slider. All five options appear in the following illustration.

10,0 O X 10,0 10,0
co-fJf4 sa- co-my ot | oca-
0.0 0.0 0.0 0.0 0.0

For an example of slide controls and indicators, see
examples\general\controls\alarmsld.llb
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Rotary Numeric Controls and Indicators

The rotary humeric controls and indicators are shown in the following
illustration.
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The rotary objects have most of the same options as the slide. The sliders
(or needles) in rotary objects turn rather than slide, but you operate them
the same way you operate slides.

4.

[

o &.00

2.00 2.00

0.00 10.00
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Rotary controls, like linear controls, can display more than one value, as
shown in the preceding illustration. You add new values by selektidg
Needlefrom the pop-up menu, in the same way you add new values to
slides.

If you move the Positioning tool to the scale, the tool changes to a rotary
cursor. If you click and drag the outer limits of the scale, you change the
arc the scale covers. If you click and drag the inner markers of the scale,
you rotate the arc. It still has the same range but different starting and
ending angles. This procedure is shown in the following illustration. Hold
down the<Shift> key to snap the arc to 45-degree angles.

Place the cursor on the knob scale. It changes appearance to look like a
horseshoe with arrowheads on either end.

q;ﬂ'g' 10.0

Dragging outer markers changes the size of the scale arc.
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Dragging inner markers rotates the arc.

Tick marks of rotary scales can be dragged with the Operating tool, just like
linear scales. Ticks also can be unevenly distributed in a similar manner to
linear scales. See the sect®alecting NotUniform Scale Marker

Distribution earlier in this chapter for more information.

For more information on ring controls and indicators, see Chapter 13,
List and Ring Controls and Indicators

Color Box

The color box displays a color corresponding to a specified value. The color
value is expressed as a hexadecimal number with theRBBGBRIN

which the first two numbers control the red color value, the second two
numbers control the green color value, and the last two numbers control the
blue color value. An example is shown in the following illustration.

L

Set the color of the color box by clicking it with either the Operating or
Color tool to display &olor palette, as shown in the following illustration.
Releasing your mouse button on the color you want selects that color.
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[ |
HEEN OOOOO0O00O00O000000000000O000

Color boxes typically are used on the front panel as indicators. The easiest
way to set the color of a color box is to use the color box constant, from the
Functions»Numeric»Additional Numeric Constantgpalette in the block
diagram window. Wire the color box constant to the color box terminal

on the block diagram. Clicking the color box constant with either the
Operating tool or the Color tool displays the s&@uéor palette you use to

set the color box. If you want to change the color box indicator on the front
panel to various colors which indicate different conditions, you can use a
series of color box constants inside a Case Structure.

The small T in the lower left corner of t@®lor palette represents the
transparent color.

Color Ramp

The color ramp uses color to display its numeric value. You can configure
a color scale, which consists of at least two arbitrary markers, each
consisting of a numeric value and the display color corresponding to that
value. As the input value changes, the color displayed changes to the color

© National Instruments Corporation 9-23 G Programming Reference Manual



Chapter 9 Numeric Controls and Indicators

corresponding to that value. An example is shown in the following
illustration.

overflow color color display area

underflow color digital display

You create these pairs using the arbitrary markers of the color scale. Each
arbitrary marker specifies a value and has an associated color. You change
the associated color with a marker by popping up on the marker, not on the
ramp. You can add markers, change the values, and set the colors as you
choose.

Use thdnterpolate Colors item of the color ramp pop-up menu to control
whether intermediate shades of color for values between the indicated
markers are displayed. liiterpolate Colors is off, the color is set to the
color of the largest level less than or equal to the current value.

The color array always is sorted by marker values. The scale on the ramp
corresponds to the largest and smallest values in the array. When the
minimum or maximum of the scale changes, the color array levels are
redistributed automatically between the new values.

The color scale has a number of options, which you can display or hide.
These options include the unit label, the digital display, and the ramp.

The ramp component of this control has an extra color at the top and the
bottom of the scale. Use these to select a color to display if overflow or an
underflow occurs. The control value is above the maximum of the color
scale or below the minimum of the color scale. Click these areas with the
Operating tool and select your overflow and underflow colors from the
Color palette.
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Both the color ramp and the color box are used to display a humeric value
as a color. With the color ramp, you can assign any range of numbers to any
range of colors. The color box, however, displays only the color specified
by the red, green, and blue components of the numeric value; a given value
always maps to the same color.

Note The color ramp can have as many colors as your monitor can handle, but no more
colors than what are available on your monitor.

You can use the color scale to indicate color tables for the Intensity Graph
and Intensity Chart controls. See Chapter@fph and Chart Controls
and Indicators for more information on these controls.

Unit Types

Any numeric control can have physical units, such as meters or
kilometers/second, associated with it. Any numeric control with an
associated unit is restricted to a floating-point data type.

Units for a control are displayed and modified in a separate but attached
label, called the unit label. You can show this label by selecting the item
from the pop-up menu, as shown in the following illustration.

E!D.DD I

Change to Indicataor
Synchronous Dizplay

Fird Terminal

| Show » R
Data Operations b Caption
Create 3
K.ep Mavigation. ..
Feplace P

R epresentation 2
Data Range...
Farmat & Precizion...

When the unit label is displayed, you can enter a unit using standard
abbreviations such asfor metersft for feet,s for seconds, and so on.

If you are not familiar with which units are acceptable, enter a simple unit
such asn then pop up on the unit label and seldgit.... A dialog box
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appears that contains information about the units available. You can use
this dialog box to replace your first unit with a more appropriate choice.

The following numeric control is set to have units of meters per second.

Table 9-1 through Table 9-5 list all the units you can use with the units

feature.
Tahle 9-2. Base Units
Quantity Name Unit Abbreviation

plane angle radian rad
solid angle steradian sr
time second S
length meter m
mass gram g
electric current ampere A
thermodynamic kelvin K
temperature

amount of substance mole mol
luminous intensity candela cd

Table 9-3. Derived Units with Special Names
Quantity Name Unit Abbreviation

frequency hertz Hz
force newton N
pressure pascal Pa
energy joule J
power watt W
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Table 9-3. Derived Units with Special Names (Continued)

Quantity Name Unit Abbreviation
electric charge coulomb C
electric potential volt V
capacitance farad F
electric resistance ohm Ohm
conductance siemens S
magnetic flux weber Wb
magnetic flux density tesla
inductance henry H
luminous flux lumen Im
illuminance lux Ix
Celsius temperature degree Celsius degC
activity becquerel Bq
absorbed dose gray Gy
dose equivalent sievert Sv

Table 9-4. Additional Units in Use with S| Units

Quantity Name Unit Abbreviation
time minute min
time hour h
time day d
plane angle degree deg
plane angle minute '
plane angle second "
volume liter I
mass metric ton t
area hectare ha
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Table 9-4. Additional Units in Use with SI Units (Continued)

Quantity Name Unit Abbreviation
energy electron volt eV
mass unified atomic u

mass unit

Table 9-5. CGS Units

Quantity Name Unit Abbreviation
area barn b
force dyne dyn
energy erg erg
pressure bar bar

Table 9-6. Other Units

Quantity Name Unit Abbreviation
Fahrenheit degree Fahrenheit degF
temperature
Celsius temperature Celsius degree Cdeg
difference
Fahrenheit Fahrenheit degree Fdeg
temperature
difference
length foot ft
length inch in
length mile mi
area acre acre
pressure atmosphere atm
energy calorie cal
energy British thermal unit Btu
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Entering Units

If you try to enter an invalid unit into a unit label, G flags the invalid unit
by placing & in the label, as shown in the following illustration.

time

=/0.00 | Tgarbage |

Notice you must enter units using the correct abbreviations or G flags it, as
shown in the following illustration.

mile

Also, keep in mind you cannot enter ambiguous units. Thus, m/ss is flagged
in the following illustration, because it is not clear if it means meters per
second squared, or (meters/seconds) * seconds. To resolve ambiguity, you
must enter the units differently, as shown in the following three examples.

2000 | mis™2 |

Ao | | s 4000 | mssss|

E e

You cannot select units for a chart or graph unless you wire them to an
object that has an associated unit. Then, you can show the unit that the chart
or graph acquired through the connection. You can change this but only

to a compatible unit that measures the same physical phenomenon. For
example, if an input to a chart carries the amityou can edit the chart unit

toft ,in , orm but not toN, Hz, min, acre , orA.
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Units and Strict Type Checking

A wire connected to a source that has a unit associated with it connects only
to a destination with a compatible unit, as shown in the following
illustration.

5]

Hoo0_Jm/s

In the case of the previous illustration, the distance display is scaled
automatically to display kilometers instead of meters, because that was the
specified unit for the indicator.

You cannot connect signals with incompatible units, as shown in the
following illustration. If you selectist Errors from the pop-up menu for
the broken wire shown below, the List Errors window indicates the error is
Wire: unit conflict
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[o.oo
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distancel

Some functions are ambiguous with respect to units and cannot be used
with signals that have units. For example, the Add One function is
ambiguous with respect to units. If you are using distance units, Add One
cannot tell whether to add one meter, one kilometer, or one foot. Because
of this ambiguity, the Add One function and similar functions cannot be
used with data that has associated units.

One way around this difficulty is to use a numeric constant with the proper
unit and the addition function on the block diagram to create your own Add
One unit function.

distance + 1

1.0

Note You cannot use units in Formula Nodes.
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Polymorphic Units

If you want to create a VI that computes the root mean square value of a
waveform, you must define the unit associated with the waveform. A
separate VI is necessary for voltage waveforms, current waveforms,
temperature waveforms, and so on. For one VI to do the same calculation,
regardless of the units received by the inputs, G-language software has
polymorphic unit capability.

Create a polymorphic unit by enterifig, wherex is a number (for
example$1 ). Think of this as a placeholder for the actual unit. When the
VI is called, G substitutes the units you pass in for all occurrendesiof

that VI. The$x place holder always gets passed a unit expressed in base
units, for example, meters, meters/sec, not feet, inches, and so on.

A polymorphic unit is treated as a unique unit. It is not convertible to any
other unit and propagates throughout the diagram just as other units do.
When it is connected to an indicator that also has the abbregatidhe
units match and the VI can compile.

$1 can be used in combinations like any other unit. For example, if the
input is multiplied by 3 seconds and then wired to an indicator, the indicator
must be$l s units. If the indicator has different units, the block diagram
shows a bad wire.

If you need to use more than one polymorphic unit, you can use the
abbreviations2, $3, and so on.

A call to a subVI containing polymorphic units computes output units
based on the units received by its inputs. For example, suppose you create
a VI that has two inputs with the polymorphic uisitsand$2 that creates

an output in the forrsl $2/s . If the subVI is wired with inputs of/s

to the$1 input andkg to the$2 input, the output unit is computed as

kg m/s"2 .

Suppose a different VI has two inputs$afand$l/s , and computes an
output of$172 . If this VI is wired with inputs ofn/s to the$1 input and

m/s"2 to the$l/s input, the output unit is computedras2/s”2 . If this

VI is wired with inputs ofmto the$1 input andkg to the$l/s input,

however, the subVI call is broken. One of the inputs is declared to be a unit
conflict and the output is computed (if possible) from the other. A
polymorphic VI can have a polymorphic subVI because the respective units
are kept distinct.
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This chapter describes how to create, operate, and configure Boolean
controls and indicators.

Creating and Operating Boolean Controls and Indicators

A Boolean control or indicator has two valse$RUE or FALSE. Boolean

controls and indicators are available from@untrols»Booleanpalette, as
shown in the following illustration.

[ Controls

-

k

abc |I

] Boolean

& ' =
O @ @ @

00 | B

Coe ) Caneel) [A @
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Some Boolean controls that simulate mechanical pushbuttons, toggle
switches, and slide switches are shown in the following illustration.

|E-:-un-:| E!utt-:-n| |La|:-ele-:| I:-utt-:-n| |T-:-ggle Sw1tch| |Sh-:|e 5w1tch|

[Fush Button| |LED Button| [Dialeg Buttan|

TR E=
Lad

Note The dialog button, dialog checkmark, and dialog radio button look different on
each platform. For information about dialog controls on various platforms, see the
Customizing Dialog Box Controtgection inChapter 8Introduction to Front Panel
Objects

Some Boolean indicators that simulate LEDs and lights are shown in the
following illustration.

|Eu:nunu:| LED| |Squar'e- LED| |Eu:nunu:| L1ght| |Squar’e L1ght|
2 1 I O I

Clicking a Boolean control with the Operating tool toggles it between its
TRUE (on) and FALSE (off) states. In run mode, clicking an indicator has
no effect because indicators are for output only. In edit mode, you can
operate both controls and indicators.
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Configuring Boolean Controls and Indicators

Each Boolean control or indicator has several items available in its pop-up
menu. The pop-up menu for a Boolean object is shown in the following

illustration.
“ertical Toggle Switch

F =
Change to Indicator

'2:‘3 Synchronous Digplay
Find Terminal
S hiows 2
D ata Operationz 3
Create 2
k.ey M avigation...
Replace 2
Drata Range 3
Mechanical Action  »

The menu items above the line in the pop-up menu are common to all
controls and indicators and are described irFtbat Panel Control and
Indicator Optionssection of Chapter 8ntroduction to Front Panel
Objects TheData RangeandMechanical Action items are described
later in this chapter.

Changing Boolean Labels

Several controls in thBooleanpalette display text and are callateled
Booleansinitially, the buttons display the wo@Nin their TRUE state and

the wordOFFin their FALSE state, as shown in the following illustration.
Then, when you click the button with the Operating tool, the control toggles
to the opposite state. In edit mode, use the Labeling tool to change the text
in either state, for examplggESinstead oON

By default, the text centers on the button. If you want to move the text,
selectRelease Texfrom the pop-up menu.
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At this point, use the Positioning tool to reposition the text, or choose the
item Lock Text in Center. Select the Boolean text, then use the Font ring
on the tool bato change the font, size, and color of the text. You also can
hide the Boolean text from both states by togglingBthelean Textitem

on theShowsubmenu.

The Boolean controls that do not appear in the palette as labeled Booleans
are unlabeled by default. However, you can sédeclean Textfrom the
Showsubmenu to make them labeled. You can move the Boolean text in
these Booleans. Their text is not locked in the center of the button unless
you selectock Text in Center from the pop-up menu.

If you want to change the font of either the name label or the Boolean
text without changing both, select what you want to change with the
Labeling tool, and then use the menu items in the Font ring to make the
changes you want.

Boolean Data Range Checking

You might want to detect errors in Boolean values. If you expect a
Boolean to always be TRUE, sel@&rxta Range»Suspend If FalsGom

the submenu of the Boolean pop-up menu. If you expect the Boolean to
always be FALSE, seleftata Range»Suspend If Trugo catch errors.

If the unexpected Boolean value occurs, the VI suspends before or after
it executes as described for thespenditem of numeric range.

Configuring the Mechanical Action
of Boolean Controls

Boolean controls have six types of mechanical action. Select the
appropriate action for your application from the pop-up menu
Mechanical Action palette, shown in the following illustration. In these
palette symbols, M stands for the motion of the mouse button when you
operate the control, V stands for the output value of the control, and
RD stands for the point in time the VI reads the control.
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Change to Indicator
Synchronous Dizplay
Find Terminal

S o 2
D ata Operationz 3
Create 2
K.ey Mavigation...
Feplace 2
Data Range 2
techanical Action  #

ko —1 4| |pp—1 3| | pp—t £

ke TheSwitch When Pressedction changes the control value each time you
T click it with the Operating tool, in a manner similar to a light switch. The
— e action is not affected by how often the VI reads the control.

ke The Switch When Releasedction changes the control value only after
v__ I you release the mouse button during a mouse click within the graphical
—_—— boundary of the control. The action is not affected by how often the VI

reads the control.

e The Switch Until Releasedaction changes the control value when you

v I L click it, and retains the new value until you release the mouse button. At

—= this time, the control reverts to its original value, similar to the operation
of a door buzzer. The action is not affected by how often the VI reads
the control.

T 5 With Latch When Pressedaction, the control changes its value when you
w1 click it, and retains the new value until the VI reads it once. At this point,

R the control reverts to its default value, whether or not you keep pressing the
mouse button. This action is similar to a circuit breaker and is useful for
stopping While Loops or for getting the VI to do something only once each
time you set the control.
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ThelLatch When Releasedction changes the control value only after you

TE release the mouse button within the controls graphical boundary. When

ro—tt your VI reads it once, the control reverts to the old value. This action works
in the same manner as do dialog-box buttons and system buttons.

e TheLatch Until Releasedaction changes the control value when you click

v 1 it, and retains it until your VI reads it once or you release the mouse button,

ro—t 1 depending on which one occurs last.

For an example of Boolean controls and indicators, see
examples\general\controls\booleans b .

Customizing Booleans with Imported Pictures

You can design your own Boolean style by importing pictures for the
TRUE and FALSE state of any of the Boolean controls or indicators.
This process is explained in thising the Control Editosection of
Chapter 24Custom Controls and Type Definitions
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This chapter describes how to use string controls and indicators, and the
table. You can access these objects throug@timérols»String & Table
palette, shown in the following illustration.

] Controls
] ] [
E % abc
[] String & Table

I-
R'il'lgb i 1.0 |
YFart] g%

Using String Controls and Indicators

A string control and string indicator are shown in the following illustration.

Control

| | ]

You enter or change text in the string control using the Operating tool or the
Labeling tool. By default, new or changed text does not pass to the diagram
until you press theEnter> key on the numeric keypad, click tBater

button in theTools palette, or click outside the control to terminate the edit
session. However, if you select tipdate Value while Typingitem from

the pop-up menu, the control value changes with each character. Pressing
the<Return> key on the alphanumeric keyboard enters a carriage return.
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When the text reaches the right border of the string display, the string wraps
to the next line, breaking on a natural separator such as a space or tab
character.

Note When running a VI, you use theTab> key to move to the next control. When
editing a VI, pressing th&Tab> key changes tools. To enter a tab character into
a string, select th&’ Codes Displaymenu item from the string pop-up menu and
typelt . To enter a linefeed into a string, press thEnter> (Windows and HP-UX),
or <Return> (Macintosh and Sun) key on the alphanumeric keyboard, or select the
‘\" Codes Display menu item from the string pop-up menu and tyype. To enter
a carriage return into a string, select thg Codes Display menu item from the
string pop-up menu and type . Refer toTable 11-1G ‘\' Codes in the
Display Typesection of this chapter for a complete list ©f codes.

For information on manipulating strings, see @mine Reference»
Function and VI Reference»String Functiongopic. Also, see the
examples irexamples\general\strings.llb

String Control and Indicator Menu Items

Strings have special features you access through the string pop-up menu,
shown in the following illustration.

Change to |ndicatar
Synchronous Dizplay

Find Terminal

S hiowy 3
Data Operationz 3
Create 2
K.en Mavigation...

FReplace 3

o Momal Display
%' Codez Dizplay
Pazzword Dizplay
Hex Dizplay

Limit ko Single Line
|Ipdate Walue while Typing
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Scrollbar Menu ltems

Display Types

The Scrollbar menu item from the string pop-@how submenu is

disabled unless you increase the size of your string enough to fit a scrollbar.
If you select this item, a vertical scrollbar appears on the string control or
indicator as shown in the following illustration so that you can display text
not visible in the string control. You also can use this item to minimize the
space taken up on the front panel by string controls containing a large
amount of text. If the menu item is dimmed, you must make the string
taller to accommodate the scrollbar before choosing this item.

“While you can rake the zerollbar in a| 4
string contral or indicatar appear
after enlarging the object, up and
down arrows and the scrollbar 2lide
do not appear until text actually ralls
over the size of the window awvailable
for text .

Menu items in the middle section of the string pop-up menu let you select
whether a string displays data as it normally does, displays backslash codes
in place of nonprintable characters, displays in password mode (using the
* symbol in place of each character), or displays hexadecimal characters.

Normal Display

TheNormal Display menu item displays all characters as typed (with the
exception of characters created with special keys such as4he or
<Esc> key, which are nondisplayable).
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Backslash (‘\’) Codes Display

By choosing\' Codes Displayfrom the string pop-up menu you instruct
the software to interpret characters immediately following a backslash (
as a code for nondisplayable characters. The following table shows how
G interprets these codes.

Table 11-1. G \ Codes

Code G Interpretation
\00 - \FF Hex value of an 8-hit character; must be uppercase.
\b Backspace (ASCII BS, equivalent to \08).
\f Form feed (ASCII FF, equivalent to \OC).
\n Linefeed (ASCII LF, equivalent to \OA).
\r Carriage return (ASCII CR, equivalent to \OD).
\t Tab (ASCII HT, equivalent to \09).
\s Space (equivalent, \20).
\\ Backslash (ASCII\, equivalent to \5C).

Use uppercase letters for hexadecimal characters and lowercase letters for
the special characters, such as form feed and backspace. Thus, G interprets
the sequenc®Fare ashex BFfollowed by the wordare, whereas

G interpretsbFare and\bfare as a backspace followed by the words

Fare andfare. In the sequenc8fare ,\B is not the backspace code, and

\Bf is not a valid hex code. In a case like this, when a backslash is followed
by only part of a valid hex character, G assum@galows the backslash,

so G interpret$8 ashex OB Any time a backslash is not followed by a

valid hex character, G does not recognize the backslash character.

You can enter some nondisplayable characters from the keyboard, such
as a carriage return, into a string control, whether or not you select

‘\" Codes Display. However, if you enable the backslash mode when

the display window contains text, G redraws the display to show the
backslash representation of any nondisplayable characters as well as
the \ character itself.

Suppose the mode is set to Normal Display and you enter the
following string.

left
\right\3F
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When you enable the mode, the following string appears because the
carriage return aftéeft and the backslash characters following it are
shown in backslash form as\

left\n\\right\3F

Suppose now you selettCodes Displayand you enter the
following string.

left
\right\3F

When you disable the mode, the following string appears because
G originally interpretedr as a carriage return and now prints 8. is
the special representation of the question mark (?) and prints this way.

left
ight?

Now if you select\’ Codes Displayagain, the following string appears.
left\n\right?

Indicators behave in the same way.

In these examples, the data in the string does not change from one mode to
the other. Only the displayed representation of certain characters changes.

The backslash mode is useful for debugging programs, and for sending
nonprintable characters to instruments, serial ports, and other devices.

Password Display

With thePassword Displayitem, the string control displays the * symbol

for each character entered into it. When you read the data of the string from
the block diagram, however, you read the actual data the user entered. If
you try to copy data from the control, only the * characters are copied.

Hex Display

Use theHex Displayitem to display the string as hex characters rather than
alphanumeric characters. As withCodes Display, theHex Displayitem
is useful for debugging and when communicating with instruments.
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Limit to Single Line

TheLimit to Single Line menu item prevents you from entering a carriage
return into a string while typing into it.

Update Value while Typing

Select the Update Value while Typing menu item to let the value of a
control change as characters are entered instead of waiting until the user
clicks the Enter button or otherwise terminates the edit session. This
behavior can be useful to check the correctness of the input, limit input, or
give user feedback. For example, it is possible to make a string control that
limits input to alphanumeric characters.

Tables

Atable is a 2D array of strings. The following illustration is an example of
a table with all its features shown.

cell indicated
by index values

column
headings

vertical
index
horizontal ! :

index w

row
headmgs§

vertical
scrollbar

horizontal
scrollbar

A table has row and column headings which are separated from the data
by a thin, open border space. You enter headings when you place the table
on the front panel, and you can change them using the Operating tool or
Labeling tool. You can update or read headings using the attribute node.

G Programming Reference Manual 11-6 © National Instruments Corporation



Chapter 11 String Controls and Indicators

The index display indicates which cell is visible at the upper left corner of
the table. You can operate these indices just as you do on an array.

Resizing Tables, Rows, and Columns

You can resize the table from any corner with the Resizing tool. You can
resize individual rows and columns in a table by dragging one of the border
lines with the Paositioning tool. When the tool is placed properly to drag a
line, one of the drag cursors shown in the following illustration appears.
Click a line and drag it to resize the row or column.

=+
=

You can use theShift> key while dragging a border line to size multiple
rows or columns to be all the same size. If the row or column you are
resizing is inside an area of the table you selected (outlined in blue or bold),
all the rows or columns in the table also are equally sized. Thus, the uneven
horizontal rows in the following illustration to the left become evenly
spaced in the illustration to the right because<gigft> key was used.

IF IF

Entering and Selecting Data Tables

You can use the keyboard to enter data into a table rapidly. Click inside a
cell with either the Operating tool or the Labeling tool, type in your data.

The<Return> key on the alphanumeric keyboard enters your text and
moves the cursor into the cell below. ®inter> key on the numeric
keypad enters your data and terminates the entry. Pressithifte key
while pressing the arrow keys moves the entry cursor to adjacent cells.
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You can select individual cells with the Operating tool or by
double-clicking, and you can extend the selection by pressing
<Shift-click> and then dragging.

Moving outside the current contents of the table scrolls the table while
extending the selection. A border appears around selected cells to indicate
they are selected. You can turn scrolling on or off usingtiection

Scrolling item in the table pop-up menu.

You also can select all the data in a table, or all the data in a row or column.
Position the Operating tool at the upper left corner of the table to select all
data. A special, double-arrow cursor appears when the tool is positioned
properly as shown in the following illustration. Click the area to select the
data.

.

El"l:l

To select an entire row or column of data, position the Operating tool at
the left border of a row, or at the top of a column. Again, a special arrow
cursor appears when the tool is properly positioned, shown in the following
illustration. Click and drag across width of column or height of row to
select the data.

0 | 0

You can copy, cut and paste data, usingdbpy Data, Cut Data, and
Paste Datamenu items in thBata Operationssubmenu of the
pop-up menu.
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If you cut any row or rows of data, all rows below it move up, as shown in
the top portion of the following illustration. If you cut any column of data,
all columns to the right scroll left, as shown in the bottom portion of the
following illustration.

If you cut a portion of a row or column, the entire row or column is removed
from the table but only the selected data is copied to the clipboard.

Pasting without first selecting a target causes rows and columns to be added
to the table as needed.

021751289 (621 [+
SIS e 4T 4
Q8o 482 |TAS |55

z25 648 902 (456 [+
+ +

Selecting a row After cutting row

S50.2 W
sg.5 (429 [73.5|52.7
725|648 [50.2 |48 |
621|706 [21.1 |42 5[+

Selecting a column After cutting column

To show a selected area of data, you can turn the item on or off by selecting
or deselectindpata Operations»Show Selection

The row and column headings of a table are not part of the table data.
Table headings are a separate piece of data, and you can read and set them
using the attribute node.

The table is the same as a two-dimensional array of strings as far
as the block diagram is concerned. Because of this, string functions
can manipulate tables. See theline Reference»Function and

VI Reference»String Functionstopic for information on using these
functions.
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Path and Refnum Controls
and Indicators

This chapter describes how to use file path controls and refnums, which
are available from th€ontrols»Path & Refnum palette, shown in the
following illustration.

ii»! Controls |

Path & Hefnum
»

efnum

o] =
i [ [3)
9] =) 8] )

ﬂvEW

Path Controls and Indicators

A path control and path indicator are shown in the following illustration.

Control
% & |

You use path controls and indicators to enter and display, respectively, the
location of a file or directory in a file system using the standard syntax for
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a given platform. If a function that is supposed to return a path fails, it
E returns an invalid path. When an invalid path is displayed by a path
Path Symbol control or indicator, the Path symbol changes to the Not a Path symbol,

and<Not A Path> appears in the text field to indicate the path is invalid.

You change the value of a path control from a valid path to an invalid
Not a Path Symbol  path by clicking the Path symbol and selectingNlo¢ a Pathitem from
the menu. This is shown in the following illustration. In the same way,
you change the value of a path control or indicator from an invalid path to
a valid empty path by clicking the Not a Path symbol and selecting the
Valid Path item from the menu.

% »k

Mot a Path

/
%< ot A Fath:

You might use thidot a Pathvalue as the default value for a path control
on your VI. In this way, you detect when the user has not entered a path.
In this case use a file dialog box for choosing a path.

An empty path in a path control appears as an empty string in the control.
When this empty path is wired to the File 1/O functions, particularly
File/Directory Info VI and the List Directory/I, on the Windows platform

the empty path refers to the list of drives mapped to your computer.

On the Mac platform, the empty path refers to the files on your desktop.
On UNIX platforms, the empty path refers to the root directory.

Refnum Controls and Indicators

ThePath & Refnums palette contains several refnum controls, shown in
the following illustration. A refnum is a unique identifier used to identify

an object, such as a file, a device, or even a network connection to another
machine. Many refnums are used to specify upon which object an I/O
operation is intended to act, such as the file read by a File Read function.
A refnum control passes a refnum into a VI and a refnum indicator passes
a refnum out of a VI. For each refnum control, there is a corresponding
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indicator. You create a refnum indicator by first creating a refnum control.
Then pop up on the control and selébange to Indicatorfrom the menu.

The following illustration shows the different kinds of refnums.

Data Byte

Log Stream Network

File File Device Occurrence Connection
RefNum RefNum RefNum RefNum RefNum

L & & @ =

Application
orVI Automation VISA
RefNum RefNum RefNum

5]

Notifier Queue Semaphore Rendezvous
RefNum RefNum RefNum RefNum

N - Y O [ i

When you open a file, you must specify the path of the file you want to
open. Arefnumis returned identifying that file. You use this refnum in all
subsequent operations relating to that file. You can think of this refnum as
a unique number produced each time you open a file to identify it. When
you close the file, the refnum is disassociated from the file. Following are
descriptions of the refnums in the above illustration, found on the
Controls»Path & Refnum palette.

There are two kinds of file refnums, one for datalog files and one for byte
stream files.

© National Instruments Corporation

Data Log File RefNum—Because datalog files have an inherent
structure, the Data Log File RefNum passes the refnum as well as a
description of the file type to (or from) calling VIs. The Data Log File
RefNum is resizeable, like a cluster. You place a control inside the
refnum defining the structure of the file. For a file containing numbers,
you create a datalog refnum containing a number. If each record in the
file contains a pair of numbers, you place a cluster inside the refnum,
and then place two numeric controls inside the cluster.

Byte Stream File RefNum—The Byte Stream File RefNum is used
with byte stream files, either text or binary files. Typically, you use it
when you open or create a file in one VI but want to perform 1/0 on the
file in another VI. You must have a refnum control on the front panel
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of the VI that performs 1/0O, and a refnum indicator on the front
panel of the VI that opens or creates the file.

The remaining refnums are easy to use, because they do not have
any options.

Device RefNum—The Device RefNum is used with the device

I/0O functions available for the Macintosh. It is used only when you
open a device in one VI but want to perform I/O on the device in
another VI.

Note A Device RefNum control on your front panel is rarely necessary. These controls
are used in the Instrument I/O Vis ini .lib to access the G serial device drivers.
A Device RefNum control is only necessary to write a special-purpose G device
driver for the Macintosh.

G Programming Reference Manual

Occurrence RefNum—The Occurrence RefNum is used with the
occurrence functions. You use it only when you generate an occurrence
in one VI but want to set or wait for the occurrence in another VI.

Network Connection RefNum—The Network Connection RefNum

is used with the TCP/IP VIs. You generally use it when you open a
network connection in one VI but want to perform I/O on the network
connection in another VI.

Application or VI Refnum —The Application or VI refnum control

is used with the VI Server functions. This refnum control is used when
you open a reference to either a LabVIEW application, or a VI within
a LabVIEW, and you wish to pass the reference as a parameter to
another VI. By passing one of these refnums to one of the VI Server
functions, you can control the behavior of the application and of
specific VIs. By selectinGelect VI Server Clasdrom the refnum
control submenu, you can specify the data type of the control to be
an application refnum, a VI refnum, or a strictly-typed VI refnum.
Strictly-typed VI refnums have data type information that includes
the connector pane of the VI and can therefore be used to call a
dynamically loaded VI using the Call By Reference function. You
can select a VI from disk that has the desired connector pane using
Select VI Server Class»Browse..You can also drag and drop a

VI icon/connector pane, or a subVI icon from a diagram or the
hierarchy window to a VI refnum control to specify the type of a
strictly-typed VI refnum control.

While VI refnum controls are usually used to pass a VI refnum from
one VI to another, a strictly-typed VI refnum control is also required
as a type-specifier input to the Open VI Reference function when you
want to get a strictly-typed reference to a VI. In this case, the value of
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the refnum control is unimportant. Only the type is used by
the function.

* Automation RefNum—The Automation refnum is a reference to a
Automation object.

* VISA RefNum—A VISA RefNum is a reference to a VISA resource.

* Notifier RefNum—The Notifier RefNum is used with the notification
VIs. You generally use it when you create a naotifier in one VI but want
to wait on a notification or send a notification in another VI.

* Queue RefNum—The Queue RefNum is used with the queue VIs.
You generally use it when you create a queue in one VI but want to
insert or remove queue elements in another VI.

» Semaphore RefNum—The Semaphore RefNum is used with the
semaphore VIs. You generally use it when you create a semaphore in
one VI but want to acquire or release the semaphore in another VI.

* Rendezvous RefNum—The Rendezvous RefNum is used with the
rendezvous VIs. You generally use it when you create a rendezvous
in one VI but want to wait at the rendezvous in another VI.

The following illustration shows the front panel and block diagram of a

VI that opens or creates a file and passes out a byte stream file refnum,
through a byte stream file refnum indicator, that can be used to access the
file in other Vis.

I>! Dpen or Create File.vi = [H[=] E3 ! Dpen or Create File.vi Diag... [H[=] E3

File Edit Operate Project Wi File Edit Operate Project Windows
&= ] [ Eetanmic Rl IE™EE]
=l El
- EBute Stream File
E‘-"'tfe St"‘f‘;“_ F|Ite R 2frurn |ndicatar]
efrum [ndicator El
= ow

Sl

K LHJ =l [»
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The following illustration shows the front panel and block diagram of a
VI that writes data to and then closes the file specified by the byte stream
file refnum passed into the VI through a byte stream file refnum control.

EE Write and Close File.vi = [Ij[=] EE Write and Close File.vi Diagram = [H[=] E3
File Edit Operate Project Win -0 File Edt Operate Project ‘windows He +0
o] ] [ Getppic o[ 2] %] [eal @] [ T30

Bute Stream File

Buyte Strearn File Refrum Control
Refrum Control

=]

Kl ol 7 Kl | v/

The following illustration shows the front panel and block diagram of a
VI that passes a byte stream file refnum used to access a file opened or
create by one subVI to another subVI that writes data to and then closes

that file.
Iﬁ File Refnum Control and Indicat.._ [H[=] B3 iﬁ File Refnum Control and Indicat.__ [[=] [E3
File Edit QOperate Project Windows Heli File Edit Operate Project Windows Heli
(1) ] [ 5 oot |0 || (250 ) ) ] 75
= [
Open or Create File. v tite: and Cloze File.vi
O =]
1| vl Kl I LIJf
Note Use a refnum control or indicator if you want to pass a refnum into or out of a VI.
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List and Ring Controls
and Indicators

This chapter describes the listbox and ring controls and indicators, which
are available from th€ontrols»List & Ring palette, shown in the
following illustration.

List & Ring
4
% % abc
iz [1]z[=]
o et

Eng)l .—HList & Ring
u[Path
[ ] i) (o | (S
] Enun

ThelList & Ring palette contains eight contrelsText Ring, Menu Ring,
Dialog Ring, Pict Ring, Text & Pict Ring, Single Selection Listbox,
Multiple Selection Listbox, and Enumerated Type. This chapter discusses
the ring controls, listbox controls, and the enumerated type controls, in that

order. For information about the attributes of listbox and ring controls, see
Chapter 22Attribute Nodes
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List and Ring Controls and Indicators

Listbox Controls

Listbox controls present users with a list of items. An example is shown in
the following illustration. There are two types of listbox contreBingle
Selection in which only one item can be selected, and Multiple Selection,
in which one or more items can be selected.

instrurment

Multimeter +
Oscilloscope

Digitizer
Digital Plotter
Counter
Calibrator
Fower Supply

Function Generator [+

In addition to displaying a list of text items, you have one of several
different symbols drawn next to each item (as inSheedialog box,

where directories and files have different symbols). You can also disable
individual items, and set separator lines between items. You detect the
currently selected item(s) by reading the value of the control. By using an
attribute node, you also detect which item, if any, the user double-clicked.
Finally, you can set the item strings, symbols and whether items are
disabled using the attribute node.

Creating a List of Items

When you put a listbox on a front panel, it contains no items. You create
the list of items in edit mode by typing them with the Labeling tool, or

in run mode by using the attribute node. Separate individual items by
entering a carriage return. If you can determine the items when you
create the VI, you might want to type in the items while in edit mode.

If you can determine the items at run time (for example, a list of files),
use the attribute node.
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Selecting Listhox ltems

There are three ways to select items in a listbby using the mouse, by
using the arrow keys, or by typing part of the name of the item you want.

Listbox Data Types

Mouse—Use the Operating tool to select items. With the Multiple
Selection Listbox, you select more than one item3hft> -clicking
additional items.

Arrow keys—Use the arrow keys to select items. To add the currently
highlighted item to the list of selected items, press the spacebar. You
can deselect a currently selected item by using the arrow keys to move
to the item and then pressing the spacebar.

Typing part of the name of the item you wasfype the name of the
item to select the item. You also can use the left or right arrow keys to
go to the previous or next items that match the typed letters.

The data type for a Single Selection Listbox is Int32. The data value for the
Single Selection Listbox is a number that represents the currently selected
item, with the first item having a value of zero. If no item is selected, the
value is —1.

The Multiple Selection listbox is an array of Int32s, where the value(s) in
the array represent the currently selected item(s). If no item is selected, the
value is an empty array.
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Listhox Pop-Up Menu Items

The listbox pop-up menu includes the items shown in the following
illustration. The items unique to listbox controls are described in

this section.
Change to Indicator
Synchronous Display
Fird 3
Show 3
Data Operationz:  k
Create 3
K.ey Mavigation...
Fieplace »
Selection Mode  »
Kevboard Maode  #
Dizable ltern
[term Symbal 2

Show

You useShowfrom the pop-up menu, shown in the following illustration,
to select which components of the listbox are visible. You also can choose
to show or hide the label, the scrollbar, and the symbols.

Find

Change to |ndicatar
Synchronous Digplay

4

Data Operations

Create 2
ey Mavigation...
Replace 3

Label
Caption
« Scrollbar

Selection Mode  p
K.evboard Mode B

[izable [tem
[tern Syrbol 2

If you selectShow»Symbolsthe listbox adds an extra column to the left
side of the list for symbols. An example of this is shown in the following

G Programming Reference Manual 13-4
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illustration. Initially, no items have symbols. You can add symbols using
Item Symbd or Attribute Node.

< Option 1
# Option 2
[l Option 3
1 0ption 4

Selection Mode

You useSelection Modefrom the pop-up menu to indicate how many
items you can select at once.

For a Single Selection Listbox, selection mode items configure the listbox
to support either zeror one selection, or one selection, as shown in the
following illustration.

Change to Indicator
Synchronous Display
Find Terminal

Shio 2
Data Operations  k
Create 2
ey Mavigation...
Feplace 2

Selection Mode Oar 1 [tem
K.eybaard Mode ": P kem

[l W Ere | e
Dizable [tem 1har Mare e
[tem Symbal 3

| Item Dragaging

If you selectl Item (the default setting), then one item in the listbox always
is selected (highlighted). When you click a different item, the new item is
selected (highlighted), and the previous item is deselected. If you select
0 or 1 Item, the behavior is the same, except that a user can deselect the
current item byShift>  -clicking it, leaving no items selected. You can use
Item Dragging to move items in the listbox by dragging them with the
mouse.
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In a Multiple Selection Listbox, you have the same selection mode items as
the Single Selection Listbox. In addition, you can indicate multiple items
be selected, as shown in the following illustration.

Selection Mode Dor1 ltem
1 ltem
0 or More ltems
1 or More Items

By default, the Multiple Selection listbox has a selection mode in which the
user can sele€ or More Items. You also can seledtor More Items to

put it into a multiple selection mode where at least one item must be
selected.

Keybhoard Mode

You useKeyboard Mode from the pop-up menu, shown in the following
illustration, to indicate how the listbox treats upper and lower case
characters when you select items by typing their initial letters.

Change to Indicatar
J Sunchronous Display

Fird »
Show 2
Data Operations
Create 2
ey Mavigation...

Replace 3

Selection Mode  p

k.eyboard Mode o Suztem Default
Caze Sengitive
Dizable ltem Caze Inzenzitive

[tern Syrbol L

If you selectCase Sensitivean item is selected only if the uppercase and
lowercase letters of what the user types exactly match the item. If you select
Case Insensitivecase is ignored. If you sele&tystem Default(the default
setting for a listbox), the listbox behaves the same way other listboxes do
for a given platform. Specifically, in Windows and on the Macintosh, the
listbox is case insensitive. In UNIX, the listbox is case sensitive.
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Disable Item

You can disable a listbox item by popping up on an item and selecting
Disable Itemfrom the pop-up menu. To enable a disabled item, pop-up
on the item and seleBnable Item.

To enable/disable item programatically, useDisabled Itemsattribute
node (which is an array of items) as shown in the following illustration.

e ——
*Dizabled [tems

Item Symbol and Dividing Line

You can set the symbol of a listbox by popping-up on the item and selecting
one of the items from théem Symbol submenu. Selecting the item in the
lower right corner replaces the list item with a dividing line.

none ¥ @ » O
[ ! & o ]
m 0 & = B =
B =HE = | [ue2] [ed]
By e =
m W AoE B M

HHERT
.......
EEEETEEY

To set list item symbols programatically, use lteen Symbols
attribute node (which is an array of item symbols) shown in the
following illustration.

153 ] —
*tem Symbols
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Ring Controls

You can specify item symbols using thistbox Symbol Ring constant in
the Functions»Numeric»Additional Numeric Constantspalette.

If you use a value of —1 for the symbol of an item, the listbox draws a
grayed-out dividing line instead of drawing the name of the item.

Rings are special numeric objects that associate numeric values with
strings, pictures, or both. The different styles of rings are shown in the
following illustration.

[Text Ring| [Fict Ring| [Text & Pict Ring|

w v

Rings are useful particularly for selecting mutually exclusive items, such as
trigger modes. For example, you might want users to be able to choose from
continuous, single, and external triggering, as shown in the following
illustration.

Continuous

+ Continuous
S5ingle
External

In the preceding example, the ring labelediger Mode has three mode
descriptors, one after another, in the text display of the ring. G arranges
items in a circular list (like a Rolodex) with only one item visible at a time.
Each item has a numeric value, which ranges from zere tb wherenis

the number of items (three in this example). The value of the ring, however,
can be any value in its numeric data range. It displays the last item
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(External , above) for any value greater than or equal to two and the first
item (Continuous , above) for any value less than or equal to zero.

You can pop up and seleghow»Digital Displayto display the numeric
value associated with the current item of a ring.

Users can use this ring to choose an item from an easy-to-understand

list without having to know what value that item represents. The value
associated with the selected item passes to the block diagram, where, for
example, you can select a case from a Case Structure (conditional code)
that carries out the selected item.

You can select an item in a ring control two ways. Use the increment
buttons to move to the next or previous item. Incrementing continues in
circular fashion through the list of items as long as you hold down the
mouse button. You also can select any item directly by clicking the ring
with the Operating tool and then choosing the item you want from the menu
that appears. However, the menu ring looks and operates like a pull-down
menu. It has no increment buttons. You select an item by clicking the ring
and selecting an item from the menu that appears.

Adding Text Items to Rings

A new text ring has one item with a value of zero and a display containing
an empty string. You enter or change text in the ring text area as you do
with labels, using the Labeling tool. Press¢kater> (Windows and

HP-UX) or <Return> (Macintosh andSun) key or click outside the text area
to finish typing.Add Item After from the text ring pop-up menu creates

a new empty item following the current oadd Item Before inserts a

new item in front of the current item. If you are editing item 0 when you
selectAdd Item After, for example, item 1 is created, ready for you to
enter text for the new item. You also can pre3sft-Enter> (Windows
andHP-UX), or <Shift-Return> (Macintosh andSun) after typing in an

item to advance to a new item.

For every ring, the item values above the insertion point increase by one to
adjust for the new item. For example, if you insert an item after item 4, the
new item becomes item 5, the previous item 5 becomes item 6, 6 becomes
7, and so on. If you insert an item before item 4, the new item becomes
item 4, the previous item 4 becomes item 5, 5 becomes 6, and so on.

Use theRemove Itemcommand from the ring pop-up menu to delete any
item. As with the add item commands, the numeric values of the items
adjust automatically.
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To disable ring items while editing, pop up on a ring control and select
Disable Item as shown in the following illustration. Then select the item
you want to disable.

 Change ta Indicator

Synchronous Display
Find Terminal

Shion 3
Data Operationz:  k
Create 3
K.ep Mavigation...
Feplace 2

Reprezentation P
Data Range. ..
Farmat & Precizian...
Add [tem After

Add tem Before
Eemoye ke
[izable [tem

If you want to enable a disabled item while editing, pop up and select
Enable Item. To disable/enable a ring item programmatically, use the
Disable Itemsattribute node (which is an array of indices) shown in the
following illustration.

o ————
*Dizabled ltemz []

Adding Picture Items to Rings

A new Pict Ring or Text & Pict Ring has one item with an empty picture
display. You must copy a picture to the Clipboard before you can import
the picture into a Pict Ring. When you have a picture on the Clipboard,
pop up on the Pict Ring and selémiport Picture . To add another

picture, copy it to the Clipboard, then pop up on the Pict Ring and
selectimport Picture Before or Import Picture After , as shown in the
following illustration.
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-

Change to Indicataor
Synchronous Dizplay

Find T ermninal

Show 2
Data Operations b
Create 3
F.ep Mavigation. ..
Feplace 2

R epresentation 2
Data Range...
Format & Precizion...

[mpart Picture

|mpart Ficture After
|mpart Ficture Befare
Eermasel ke
Dizable ltem

Changing the Size and Text of Text & Pict Rings

You can enlarge the Text & Pict Ring to make more room for the contents,
just as you can enlarge all controls. You also can decrease the size. When
you resize the Text & Pict Ring from one of its bottom corners, the height
of the text area changes. When you resize the Text & Pict Ring from one of
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its top corners, the height of the picture area changes. These resizing
capabilities are shown in the following illustration.

[Text & Pict Ring| [Text & Pict Ring|

|Te-xt E Pict Eingl

g

Enumerated Type Controls

An enumerated type control is similar to a text ring control. If data from

an enumerated type is connected to a Case Structure, however, the case
displays the string, or text of the item, instead of a number. The enumerated
type data type is unsigned byte, unsigned word, or unsigned long,
selectable from thRepresentationpalette. An example is shown in the
following illustration.
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Enumeration
Front panel

object 5||C|:|ntinuclu5 @4— digital display

Enumeration

Lo

- {Continuoush]:

Block diagram

One advantage of using enumerated types instead of ring controls is if you
use an enumerated type on the connector pane of a subVI, then pop up to
create a constant, control, or indicator, you create an enumeration with the
proper strings.

You enter items into an enumerated type the same way you enter items
into a ring, usindAdd Item After or Add Item Before. Or, you can

use the Labeling tool. PresShift-Enter> (Windows andHP-UX), or
<Shift-Return> (Macintosh andSun) to enter a new item. Click any area
outside the enumerated type when you finish entering items.

If an enumerated type is wired to a Case Structure, the Case Structure
must have cases which handle every item in the enumerated type. If the
Case Structure has a Default case, it handles items not explicitly handled
by other cases.

All arithmetic operations except Add One and Subtract One treat the
enumerated type the same as an unsigned numeric. Add One increments
the last enumeration to the first, and Subtract One decrements the first
enumeration to the last. In all other respects, the enumerated type is
treated as an unsigned value. When coercing a signed integer to an
enumerated type, negative numbers are pinned to the first enumeration,
and out-of-range positive numbers to the last enumeration. Unsigned
integers always pin to the last enumeration value.
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If you connect a numeric value to an enumerated type indicator, the number
is converted to the closest enumeration item, with out-of-range numbers
handled as above. If you connect an enumeration control to a numeric
value, the value is the enumerated type index. To wire an enumeration type
to an enumeration indicator, the enumeration items must match, although
the indicator might have additional items beyond the items in the type.
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and Indicators

This chapter desibeshow to use aays ard clusters. You accessrays

and clusters from #hControls»Array & Cluster palette, shan in the
following illustration.

[] Controls

ay & Cluster

arr arr
coda coda
source | [seurce

See tle examples irexamples\ge neral\arrays.ll b.

You can ug Help»Online Reference»Functia and VI Referencetofind
desaiptions d G functions many of which operate e arrays in aditionto
scalars. Th Array Functionsand theCluster Functiongopics describe the
functionsexclugvely designed for @aay and cluster operations.
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Arrays
An array is a variable-sized collection of data elements that are all the same
type, as opposed to a cluster, which is a fixed-sized collection of data
elements of mixed types. Array elements are ordered, and you access an
individual array element byndexingthe array. Théndexis zero-based,
which means it is in the range of zerate 1, wheren is the number of
elements in the array, as in the following illustration.
Index 11-Element Array

0 Melissa

1 Greg

2 Gregg

3 Don

4 Duncan

5 Thad

6 Dean

7 Stepan

8 Kate

9 Mary

10 Mark
A simple example of an array is a list of names, represented in G as an array
of strings, as shown in the following illustration.

Jeff Paul Rob Bruce | Steve Meg Jack Brian Deb Kevin Tom

List of Names in an Array of Strings

G Programming Reference Manual 14-2

Another example is a waveform represented as a humeric array in which
each successive element is the voltage value at successive time intervals, as
shown in the following illustration.
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index 0 1 2 3 4 5 6 7 8
volts | 04 | 09 | 14] 08 ] -01]-07]-03] 03] 02]

Waveform in an Array of Numbers

A more complex example is a graph represented as an array of points where
each point is a pair of numbers representing the X and Y coordinates, as
shown in the following illustration.

7

S

o—

index 0 1 2 3 4 5 6
Xcoord [04 | 22]33[32] 24] 18] 1.9]

Ycoord |02 Jo5| 13| 23] 2.6] 1.9] 1.2]

Graph in an Array of Points

The preceding examples ase-dimensional1D) arrays.

A two-dimensiona{2D) array requires two indices to locate an element

a column index and a row index, both of which are zero-based. In this case,
we speak of an N column by M row array, which contains N times

M elements, as shown in the following illustration.

column index
01 2 3 4 5

row 1
index
6 Column by 4 Row
Array of 24 Elements
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A simple example is a chess board. There are eight columns and eight rows
for a total of 64 positions, each of which can be empty or have one chess
piece. You can represent a chess board as a two-dimensional array of
strings. Each string has the name of the piece occupying the corresponding
location on the board, or it is an empty string if the location was empty.
Other familiar examples include calendars, train schedule tables, and even
television pictures, which can be represented as two-dimensional arrays of
numbers giving the light intensity at each point. Familiar to computer users
are spreadsheet programs, which have rows and columns of numbers,

formulas, and text.

All the one-dimensional array examples can be generalized to two
dimensions. A collection of waveforms represented as a two-dimensional
array of numbers is shown in the following illustration. The row index
selects the waveform and the column index selects the point on the

waveform.

) u._-;_}.-{}

“o-_og

0 1 2 3 4 5 6 7 8

pointindex 0| 0.4 109 ] 14 /08 |-01]-0.7]-03] 03] 0.2
waveform 1]=0.5]10.6 | 0.4 |0.2 0.8] 1.6] 141091 1.1
indices 2|.1.6 114 ] 0.7 105 ]-05]-0.6]-0.2] 0.3 | 0.5

Multiple Waveforms in a 2D Array of Numbers

volts

Arrays can have an arbitrary number of dimensions, but one index per
dimension is required to locate an element. The data type of the array
elements can be a cluster containing an assortment of types, including
arrays whose element type is a cluster, and so on. You cannot have an
array of arrays. Instead, use a multidimensional array or an array of

cluster of arrays.

Consider using arrays when you work with a collection of similar data.
Arrays are frequently helpful when you perform repetitive computations
or I/O functions. Using arrays can make your application smaller, faster,
and easier to develop because of the large number of array functions

and Vis in G.

G Programming Reference Manual 14-4
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Creating Array Controls

You create an array control by first selecting an array from
Controls»Array & Cluster , as shown in the following illustration.

0 Controls
] ] ]
iz
List |Ld[DEEM _Ii
and .=. i
Fing oY [ Array & Cluster
1A
el 90 e =
Ll /|
i =

2rr n_ err out
arr? arr?
Ciode Cionde
source | [ sodrce

You create an array control or indicator by combininguaay shellfrom
theArray & Cluster palette, as shown in the preceding illustration, with

a validelementwhich can be a numeric, Boolean, string, path, refnum or
cluster. The element cannot be another array or a chart. Also, if the element
is a graph then only the graph data types containing clusters instead of
arrays at the top level are valid.

Selecting an array from thirray & Cluster palette places an array shell
on the front panel, as shown in the following illustration.

index display

A fied
Bo |

element display

A new array shell has oriedex displayan emptyelement displgyand an
optional label.
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There are two ways to define an array type. Drag a control or indicator of
the desired type into the element display window, or deposit the control or
indicator directly by popping up on the front panel, selecting a control, and
dragging it into the element display. Either way, the control or indicator you
insert fills the empty display.

For example, if you want to define an array of Booleans, pop up, select
a Boolean control, and drag it into the element display as shown in
Figures 14-1 through 14-4.

il

<~ Controls

A’ =i

~HBoolean

RBound LED

H BE o

(o) Eaneel) [ &

Figure 14-1. Pop up in the element display and select the Boolean control.

Figure 14-2. Release the mouse button. The menu disappears and the cursor changes
to the Scroll Window icon.
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&

Figure 14-4. Click the mouse button. The control is deposited inside the display.

The pop-up menu of the index display is shown in the following illustration.

Auray
|§U Change to Indicatar

Synchronous Dizplay
Find Terminal

1 Show 2
Data Operations #
Create 3
K.y Havigation...
Replace 3
Add Dirmenzion
Eemae imersian
Add Element Gap
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Array Dimensions

A new array has one dimension and one index display. You resize the index
display vertically or select th&dd Dimensionitem from the index display
pop-up menu to add a dimension. You shrink the index vertically or select
Remove Dimensiorto delete it. An additional index display appears for
each dimension you add. Two methods for resizing are shown in the
following illustrations.

ED Change to Contral

Synchronous Dizplay

Find Terminal

Show 2
Data Operationz:  #
Create 2
foen W Ematior..
Replace 3

Add Dimenzion

FEremoye Dimension
Add Element Gap

-

o E
|:| 1

The dimension of an array is a choice you make when you decide how
many identifiers it takes to locate an item of data. For example, to locate a
word in a book you might go to the sixth word on the twenty-eighth line on
page 192. Three indices, 6, 28, and 192 specify the word, so one possible
representation for this book is a three-dimensional (3D) array of words. To
locate a book in a library you indicate the position on the shelf, which shelf,
which bookcase, which aisle, and which floor. If you represented this as an
array it uses five dimensions. The location of a word in a library then
requires eight indices.

Notice that when you add a dimension to an array, the wire changes in
style, thickness and color. For more information see ChaptéWitidg
the Block Diagram
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Array Index Display

If you think of a two-dimensional array as rows of columns, the top display
is the row index and the bottom display is the column index. The combined
display at the right shows the value at the specified position, as shown in
the following illustration.

row

~— value at row, column

column

For example, suppose you have an array of 3 rows and 4 columns, with
values as shown in the following figure.

] 1 2 z
4 2 =] T
2 9 10 11

Rows and columns are zero-based, meaning the first column is
column 0, the second column is column 1, and so forth. Changing the
index display to row 1, column 2 displays a value of 6, as shown in the
following illustration.

A o]

If you try to display something out of range, the value display is grayed-out
to indicate there is no value currently defined. For example, if you try to
display an element in row 10 of the array shown previously, the display is
grayed-out as shown in the following illustration.

o -
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o

Array Resizing
tool

-l

Usual Resizing
symbol

Controls and Indicators

Displaying Arrays in Single-Element or Tabular Form

A new array appears in single-element form. The array displays the value
of a single elementthe one referenced by the index display. You also can
display the array as a table of elements by resizing the array shell from any
of the four corners surrounding the element. The Array Resizing tool is
slightly different from the usual Resizing tool when it is over the array shell
resizing handles, and the cursor changes to the usual symbol when you
begin to resize. An example is shown in the following illustration.

The following illustration shows how to resize a one-dimensional array
either vertically or horizontally to show more elements simultaneously.

[ A1

The index display contains the index of the element in the left or upper left
corner of the table. By changing the index, you can display different

G Programming Reference Manual
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sections of a large or multidimensional array. For one-dimensional arrays,
the index identifies the column of the left-most visible element. For
two-dimensional or higher arrays, the bottom two indices identify the
coordinates of the upper left visible element. In the left portion of the
following illustration, this element is [3,4].

If you view a three-dimensional array as a book of pages composed of lines
(rows) of characters (columns), the table displays part or all of one page.
The figure at the right in the following illustration shows the first four
columns of the first two rows of page three of the array.

element [3,4] element [0,0] of page 3

page
row

column

If you want to hide the array indices, pop up on the outer frame and turn off
theShow»Index Displayitem from the array pop-up menu. The following
illustration shows an example of what a tabular array looks like without the
index display.

If you want to display an array in an orientation different from the tabular
array format, display the elements in a cluster on the front panel and
process them in an array. To do this, use the Array To Cluster and Cluster
To Array functions explained in t@nline Reference»Function and

VI Reference»Cluster Functionstopic.

Operating Arrays

You operate an element of the array the same as if it were not part of the
array. You operate the index display the same way you operate a digital
control. To set the value of an array control element, bring the element into
view with the index display, then set the value of the element.
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Default Sizes and Values of Arrays

You cannot limit the size of an array by a fixed number of elements.
However, when you set the default values of an array control, you also
can set the default sizZ@o not make the default size larger than necessary

If you set an array to have a large default size, all of the default data saves
along with the VI, thus increasing the size of your file.

A new array shell without an elemenuisdefined It has no data type and

no elements and cannot be used in a program. After you deposit a control
in the array, it is aempty array(its length is 0) with the defined type of the
deposited control. Although it also has no defined elements, you still can
use it in the VI. The array control dims all elements, indicating they are
undefined.

The following illustrations show an array control in single-element form
wired to an array indicator in tabular form with five elements displayed.
The first figure shows both arrays are empty (element values are
undefined).

10 Array Control| 11D Array Indicator]
[ExT]] { [Ex1]

If you set the index display of the array control to 9 and set the element
value at index 9 to 5.4, the data in the array expands to 10 elements (0 to 9).
The value of element 9 is the value you set, 5.4 in this example. G assigns
to the other elements the default value of the digital control, 0.00. If you
now selecMake Current Value Default from either the shell or the

pop-up menu of the array control, the default data of the array now consists
of the specified 10 elements. After running the VI, the indicator displays
the same values.

TD Arvay Conirol
# JHEa ] | | |
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SelectingReinitialize to Default for an element resets that element only to
its default value.

Now assume you change the default value of a numeric element from

0.0 to 1.0. Do this by changing the value in the indicator with the
Operating tool and then popping up on the element and selecting

Make Current Value Default. Assume you also set the value of

element 12 to 7.0. The array now has 13 elements. The values of the first
10 elements do not change, but elements 10 and 11 have the new default
value of 1.0, and element 12 has the assigned value of 7.0. This example
is shown in the following illustration.

|1IZ:I Ak ay I:-:-ntr'-:-1| |1D Ak ay I:-:-ntr'-:-1|

.00

If you now selecReinitialize to Default from either the shell or the index
pop-up menus, the array reverts to the 10-element array shown in the
previous example.

To increase the size of an array frasp by Nj by Nk...] to [Mj by Mj by

Mk...], assign a value to the new last eleméfit£ 1, Mj — 1,Mg—1...].

To decrease the size, first executellaga Operations»Empty Array
command from the index array pop-up menu, then set the array and values
to the size you want, or select the unwanted subset of the array and select
theData Operations»Cut Dataitem from the pop-up menu, as explained

in the following sections.
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Array Elements

When in run mode, use tk@ab> key either to move the key focus between
front panel controls or between elements within a single array. Initially, the
<Tab> key moves the key focus between front panel controls. To move it
between the elements within a specific array, fiTeth> to that array.

Then use theCtrl> (Windows); <command>(Macintosh); <meta> (Sun);

or <Alt> (HP-UX) key and the down arrow, to move the key focus inside
the array. You can now use th&ab> key to sequence through the array
elements and the array indices. To return tabbing between controls, use
the<Ctrl> (Windows); <command>(Macintosh); <meta> (Sun); or

<Alt> (HP-UX) key and the up arrow.

Finding the Size of Arrays

To find the size of an array control or indicator, select
Data Operations»Show Last Elementrom the index array pop-up menu.

Moving or Resizing Arrays

Always move the array by clicking the shell border or the index display
and then dragging it. If you drag the element in the array, it separates from
the array, because the shell and elements are not locked together. If you
inadvertently drag the element when you meant to drag the shell, cancel
the operation by dragging the element back into the shell, or past the front
panel window border, or by using thEsc> key before releasing the

mouse button. You cancel a resizing operation by dragging the border past
the front panel window before releasing the mouse button. If the array is
part of the current selection, then grabbing an element drags the array.

Resize the array index vertically from any corner, or horizontally from
the left.
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Selecting Array Cells

To copy data from or paste data to arrays you must first select an area of the
array. You can copy or paste by taking the following steps.

1. To select the data, set the array index to the first element in the data set
you want to copy.

2. Then, select theata Operations»Start Selectioritem from the array
pop-up menu.

3. Next, set the array index to the last element in the data set you want
to copy.

4. Then, select thBata Operations»End Selectioritem from the array
pop-up menu.

5. Finally, selecData Operations»Copyor Data Operations»Paste
to copy or paste the selected items.

When you are in run mode, these menu items are directly available when
you pop up on an array. The selection process is detailed in the following
example.

An Example of Selecting Array Cells

Begin by selectinghow Selectiorfrom the pop-up menu. Activate
Show Selectiorfor display of visibly marked selected cells.

A border surrounds selected cells. Seleata Operations»Add

Element Gapfrom the pop-up menu. This separates the cells by a thin
open space. Although it is not necessary to add the element gap, this open
border slightly changes and might improve the appearance of the array.
When you select cells, this open space is filled by a thick border, denoting
the selected cells. If you do not add the element gap, the selection border
appears over the selected cell edge.

You define the cells for selection with the array index. The following
example uses a two dimensional array.

Set the array index fdr1 . ChooséStart Selectionfrom the pop-up menu.
Set the array index 83 . ChooseéEnd Selectionfrom the pop-up menu.
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The selection includes the cells denoted by lower index numbers but not the
cells denoted by the higher index numbers. If you want to include the cells
from1,1 t03,3, setthe index ta,4 before choosingnd Selection

Notice that cutting the selected items actually removes the entire set of rows
and columns spanned by the selection, but places only the selected area into
the clipboard.

After you select cells, cut or copy the data to paste into other cells.
When you finish, notice one border line remains highlighted. This is an
insertion point, and remains in the array. To hide this line, deselect the
Show Selectioritem from the pop-up menu. You can eliminate this

line without deselectin@how Selectiorby emptying the selection.

Set the index to O in all dimensions, and then s&8&att Selectionand

End Selection This makes the selection run from 0 to O in all dimensions,
which is what the selection is set to when you first place it on the front
panel.

G Arrays and Arrays in Other Systems

Most programming languages have arrays, although few have the number
of built-in array functions G contains. Other languages typically stop at the
fundamental array operations of extracting or replacing an element, leaving
it to users to build more complex operations. G has these fundamental
operators, S0 you can map a program in another language directly to a VI
in G. However, you usually can create a simpler and smaller diagram if you
start again in G and use the higher-level array functions. The following
example shows a fragment of a C program that sums the squares of the
elements of an array, the direct translation to a G block diagram, and two
redesigned versions more efficient than the translation.
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sum=0
for (i=0;i<100;i++)
sum += x[i] * X[i] ;

C Code Fragment

G Direct Translation

.00
[0BL] I;)' I>' sum
n

G Auto-Indexing Version

Bsi] >

G Optimal Version

The indexing operation for extracting an element is represented in C by

+ - bracket ] following the array name and enclosing the index. In G, this
s operation is represented by the Index Array function icon shown at left.
Index Array The array is wired to the top left terminal, the index is wired to the bottom

function icon left terminal, and the array element value is wired to the right terminal.

The following example shows the fundamental operation of replacing an
array element. The fragment of FORTRAN code generates a histogram of
random numbers (the random number generator produces values between
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0 and 1), and so does the G version. Disregarelittie the FORTRAN
computation of J; the addition is necessary because FORTRAN arrays
begin indexing with one rather than zero.

DO 10 I =1, 10000
J=100.0 * RAND() + 1
HJ) = HQ) + 1

10 CONTINUE

10000 N

[ExT] =1

= [ex1]

G Direct Translation

The indexing operation for inserting or replacing an element is represented
in FORTRAN by parenthesg$ on the left side of the equal sign following

the array name, and enclosing the index. In G, this operation is represented
by the Replace Array Element function icon (shown at left). The array is

o | wired to the top left terminal, the replacement value is wired to the middle
=t left terminal, the index is wired to the bottom left terminal, and the updated
Replace Array array is wired from the right terminal.

Element function
Before you can use an array in most programming languages you first must
declare it and, in some cases, initialize it. In G, building an array control or
indicator on the front panel is equivalent to declaring an array. Defining a
default value for it is equivalent to giving the array an initial value.

Most languages require you to indicate a maximum size for an array as part
of the declaration. The information about the size of the array is not treated
as an integral part of the array, which means you must keep track of the size
yourself. In G, it is not necessary to declare a maximum size for arrays,
because G automatically preserves the size information for the array.
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Clusters

Furthermore, with G, you cannot store a value outside the bounds of an
array. In many conventional programming languages, there is no such
checking, and you can corrupt memory inadvertently.

A G cluster is an ordered collection of one or more elements, similar to
structures in C and other languages. Unlike arrays, clusters can contain
any combination of G data types. Although cluster and array elements are
both ordered, you access cluster elementsrityindlingall the elements

at once rather than indexing one element at a time. Clusters are also
different from arrays in that they are of a fixed size. As with an array, a
cluster is either a control or an indicator; a cluster cannot contain a mixture
of controls and indicators.

You can use clusters to group related data elements appearing in multiple
places on the diagram, which reduces wire clutter and the number of
connector terminals subVIs need.

Most clusters on the block diagram have a common wire pattern, although
clusters of numbers (sometimes referred tpaisty have a special wire
pattern.

Common Cluster Wire Pattern

Cluster of Numbers Wire Pattern

You can connect terminals only if they have the same type. For clusters,
this means both clusters must have the same number of elements, and
corresponding elementsdetermined by the cluster ordemust match

in type. G coerces numbers of different representations to the same type.

The Cluster Order is a numeric order given to elements in a cluster as
described in th€luster Element Ordesection later in this chapter.

For information on functions that manipulate clusters, se®ttiae
Reference»Functionand VI Reference»Cluster Functionstopic.
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Creating Clusters

You create a cluster control or indicator by installing any combination of
Booleans, strings, charts, graph scalars, arrays, or even other clusters into a
cluster shell You access the cluster shell from @entrols palette, as

shown in the following illustration.

il Controls
Array & Cluster

=

|=——I.—D:0Array & Cluste

PR

T err 'II'I err l:ll.lt
arr? arr T
code code

Soaurce Shurce

A new cluster shell has a resizable border and an optional label.

|

LT
ti

When you pop up in the empty element areaQbstrols palette

appears. You can place any element fronQbatrols palette in a cluster.

You can drag existing objects into the cluster shell or create and deposit
them directly inside by selecting them from the control pop-up menu and
dragging them into the cluster shell. The cluster takes on the data direction
(control or indicator) of the first element you place in the cluster, as do
subsequently added objects. Selec@gnge To Controlor Change To
Indicator from the pop-up menu of any cluster element changes the cluster
and all its elements from indicators to controls or from controls to
indicators.

Operating and Configuring Cluster Elements

With the exception of setting default values and@hange to Control
andChange To Indicator menu items, you configure controls and
indicators the same way you configure controls and indicators not in a
cluster.
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Cluster Elements

When in run mode, you can use #Tab> key either to move the key focus
between front panel controls, or between elements within a single cluster.
Initially, the <Tab> key moves the key focus between front panel controls.
To move it between the elements within a specific cluster fitst> to

that cluster. Then use tk€trl> (Windows); <command> (Macintosh);

<meta> (Sun); or<Alt> (HP-UX) key and the down arrow, to move between
the cluster elements. To return tabbing between controls, us€etie
(Windows); <command> (Macintosh); <meta> (Sun); or <Alt> (HP-UX) key

and the up arrow.

Cluster Default Values

To set the default value of the entire cluster to the current value of
each individual element, pop up on the cluster frame and select the
Data Operations»Make Current Value Defaultcommand from the
cluster pop-up menu. To reset all elements to their individual default
configurations, select tHeata Operations»Reinitialize To Default
Valuescommand from the cluster pop-up menu.

To change the default value of a single element in a cluster, pop up on that
particular element and selédake Current Value Default.

Cluster Element Order

Cluster elements have a logical order unrelated to their positions within the
shell. The first object you insert in the cluster is element 0, the second is 1,
and so on. If you delete an element, the order adjusts automatically. You
can change the current order by selectingQhuster Order... item from

the cluster pop-up menu. The appearance of the element changes, as shown
in the following illustration.
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leited [22] Click to set to [i] |
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in order

The white boxes on the elements show their current places in the cluster
order. The black boxes show the new position of the element in the order.
Clicking an element with the cluster order cursor sets the position of the
element in the cluster order to the number displayed inside the toolbar.
Change this order by typing a new number into that field and clicking the
corresponding control. When the order is as you want it, click the enter
button to set it and exit the cluster order edit mode. Click the X button to
revert to the old order.

The cluster order determines the order in which the elements appear as
terminals on the Bundle and Unbundle functions in the block diagram.
For more information on these functions, see@éine Reference»
Function and VI Reference»Cluster Functiongopic.

Moving or Resizing Clusters

Cluster elements are not fixed components of clusters. That is, you can
move or resize elements independently even when they are in the shell.
To avoid inadvertently dragging them out of the shell, click the shell when
you want to move a cluster, and resize clusters from the shell border. If you
inadvertently drag an element when you meant to drag the whole cluster,
you can cancel the operation by dragging the element back into the shell
or past the front panel window border or by using<tisc> key before
releasing the mouse button. You also cancel a resizing operation by
dragging the border past the front panel window or by using the

<Esc> key before releasing the mouse button.
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You can shrink clusters to fit their contents by selecfintpsizing from
the pop-up menu, shown in the following illustration.

Eluster|

(]

Clugter
Change to Indicator
Synchronous Dizplay
Find Terminal
Sho 2
Drata Operation:  k
Create 2
K.en Mavigation...
Eluster| FReplace 3
IWI Cluzster Order...

Cluster Assembly

G has three functions for assembling or building clusters. The Bundle and
Bundle By Name functions assembles a cluster from individual elements or
replaces individual elements with elements of the same type. The Array To
Cluster function converts an array of elements into a cluster of elements.
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Bundle Function

E@ The Bundle function, which you obtain from tAgray & Cluster palette

of theFunctions palette, appears on the block diagram with two element
input terminals on the left side. Resize the icon vertically to create as many
terminals as you need. The element you wire to the top terminal becomes
element 0 in the output cluster, the element you wire to the second terminal
becomes element 1 in the output cluster, and so on.

Bundle function

As you wire to each input terminal, a symbol representing the data type of
the wired element appears in the formerly empty terminal shown in the
following illustration. You must wire all the inputs you create.

In addition to input terminals for elements on the left side, the Bundle
function also has an input terminal for clusters in the middle as shown in
the following illustration. You use this terminal to replace one or more
elements of an existing cluster wire without affecting the other elements.

See theReplacing Cluster Elemensgction in this chapter for an example
of using this function to replace elements in a cluster.

Bundle By Name Function

E@ The Bundle By Name function, also in thanctions»Cluster palette, is
similar to the Bundle function. Instead of referencing fields by position,
Bundle By Name . .
function however, you reference them by name. Unlike the Bundle function, you can

show only the elements you want to access. For each element you want to
access, you must add an input to the function.

Because the name does not denote a position within the cluster, you must
wire a cluster to the middle terminal as well. You can use the Bundle By
Name function only to replace elements by name, not to create a new
cluster. You might, however, wire a data type cluster to the middle terminal,
and then wire all of the new values as names to produce this same behavior.

For example, suppose you have a cluster containing a string called Name
and a number called Age. After placing the Bundle By Name function, you
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must first connect an input cluster to the middle terminal of the Bundle By
Name function.

After you wire the middle terminal, select elements you want to modify by
popping up on any of the left terminals of the Bundle By Name function.
You see a list of the names of the elements in the source cluster. After you
select a name, you can wire a new value to that terminal to assign a new
value to that element of the cluster. An example of this is shown in the
following illustrations.

[cluster]
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Resize the Bundle By Name function to show as many or as few elements
as you need. This is different from the Bundle function, which requires you
to size it to have the same number of elements as are in the resulting cluster.

If you pop up on an individual element of the Bundle By Name function
when the cluster contains a cluster, you find a pull to the side submenu,
Select Items you can use to access individual elements of the subcluster
by name, or select all elements.

The Bundle By Name function is useful when you are working with data
structures that might change during the development process. If your
modification involves the addition of a new element, or a reordering of the
cluster, the change does not require changes to the Bundle By Name
function, because the names are still valid. For example, if you modified the
previous example by adding the new element and weight to the source and
destination clusters, the VI is still correct. This example is shown in the
following illustration.

|
Elﬂ
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Bundle By Name is particularly useful in larger applications in conjunction
with type definitions. By defining a cluster that might change as a type
definition, any VI using that control can be changed to reflect a new data
type by updating the file of the type definition. If the VIs use only Bundle
By Name and Unbundle By Name to access the elements of the cluster, you
can avoid breaking the VIs that use the cluster.

See thelype Definitionsection of Chapter 2€ustom Controls and
Type Definitionsfor more information on type definitions. Also, see the
Unbundle By NamEunctionsection of this chapter.

Array To Cluster Function

The Array To Cluster function, which you select from@hester or Array
Array To Cluster palettes of th&unctions palette, converts the elements of a 1D array to
function elements of a cluster. This function is useful when you want to display
elements of the same type within a front panel cluster indicator, but you
also want to manipulate the elements by index value on the block diagram.

Use theCluster Size...item from the function pop-up menu to configure
the number of elements in the cluster. The dialog box that appears is shown
in the following illustration.

Cluster Size E

Mumber of elements in cluster

[w]

oK

The function assigns the zero array element to the zero cluster element, and
so on. If the array contains more elements than the cluster, the function
ignores the remaining elements. If the array contains fewer elements than
the cluster, the function assigns the extra cluster elements the default value
for the element data type.
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The following illustration shows how to display an array of data in a front
panel cluster indicator. With this technique, you can organize the array
elements on the front panel to suit your application. You might use a
tabular array indicator instead, but that limits you to a fixed-display
format—horizontal with the lowest element at left and an attached

index display. The loop shown simply counts the number of elements in
the array set to true.

up

Array of Boolean Switches @
1=t I@ @r’ight

O

number on IE' down
Cluster of Indicators

Cluster Disassembly

G has three functions for disassembling clusters. The Unbundle and
Unbundle By Name functions disassemble a cluster into individual
elements. The Cluster To Array function converts a cluster of identically
typed elements into an array of elements of that type.

Unbundle Function

EE The Unbundle function, which you obtain from theay & Cluster

palette of thd-unctions palette, has two element output terminals on the
right side. You adjust the number of terminals with the Resizing tool the
same way you adjust the Bundle function. Element 0 in the cluster order
passes to the top output terminal, elenigmasses to the second terminal,
and so on.

Unbundle function
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=3

Unbundle By Name
function

The cluster wire remains broken until you create the correct number of
output terminals. When the number of terminals is correct, the wire
becomes solid. The terminal symbols display the element data types, as
shown in the following illustration.

Unbundle By Name Function

The Unbundle By Name function, also in theay & Cluster palette of
theFunctions palette, is similar to the Unbundle function. Instead of
referencing fields by position, however, you reference them by name.
Unlike the Unbundle function, you show only the elements you want to
read. It is not necessary to have one output for every cluster element.

For example, the following is a panel with a cluster of three elements,
weight, height, and age.

G Programming Reference Manual 14-30 © National Instruments Corporation



Chapter 14 Array and Cluster Controls and Indicators

When connected to an Unbundle By Name function, you can pop up on an
output terminal of the function and cho@sect Itemto select an element

you want to read from the names of the components of the cluster, as shown
in the following illustration.

+ weight

height
age

Resize the function to read other elements, as shown in the following
illustration. Remember, you do not have to read all of the elements and you
can read them in arbitrary order.

One of the advantages of the Unbundle By Name function compared to
the Unbundle function is that it is not as closely tied to the data structure
of the cluster. The Bundle function always must have exactly the same
number of terminals as it has elements. If you add or remove an element
from a cluster connected to an Unbundle function, you end up with broken
wires. With the Unbundle By Name function, you can add elements to and
remove elements from the cluster without breaking the VI, as long as the
elements were not referenced on the diagram.
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For example, with the previous cluster, you add a string for birthdate, and
the diagram still is correct. This example is shown in the following
illustration.

|-:1uster'|
[ereight]

weight

: -
o] o]

- [size]
= T

0.00

=mn

weight
=

As with Bundle By Name, the Unbundle By Name function is particularly
useful in larger applications in conjunction with type definitions. See the
Bundle By Nam&unctionsection of this chapter and tiigpe Definitions
section of Chapter 24 ustom Controls and Type Definitigrisr more
information.

Cluster To Array Function

The Cluster To Array function, which you obtain from @enversion
Cluster To Array palette of thd=unctions palette, converts the elements of a cluster into a
function 1D array of those elements. The cluster elements must all be the same type.

The array contains the same number of elements as the cluster.

The Cluster To Array function is useful when you want to group a set

of front panel controls in a particular order within a cluster, but you also
want to process them as an array on the block diagram, as shown in the
following illustration.
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Chazster 10 Array of Integer
[=0s =T¥], [132]

@ Inteqer Scalar

Replacing Cluster Elements

Sometimes you want to replace, or change the value of, one or two
elements of a cluster without affecting the others. Do this by unbundling
a cluster and wiring the unchanging elements directly to a Bundle function
along with the replacement values for the other element. The following
example shows a more convenient method. This example computes the
number of hours until New Year using the date-time cluster. Because the
cluster input terminal (middle terminal) of the Bundle function is wired,
the only element input terminals that must be wired are those with
replacement values.

Seconds To DatedTime

zecond
=g

[Get Date/Time In Seconds]

D ate/Time To Seconds

mirte,

| E—
|

[Hours Until the New Year]
g

day of month| 3600
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Graph and Chart Controls
and Indicators

This chapter describes how to create and use the graph and chart indicators
in the Controls»Graph palette.

A graph indicator is a two-dimensional (2D) display of one or rmptoes

The graph receives and plots data as a block. A chart also displays plots, but
it receives the data and updates the display point by point or array by array,
retaining a certain number of past points in a buffer for display purposes. In
addition to the information in this chapter, you might find it helpful to study
the graph and chart examples. These examples are located in
examples\general\graphs

G has three kinds of graphs and two kinds of charts. These are shown in the
following illustration starting at the top from left to rightvaveform chart,
waveform graphxy graph, intensity chart, and intensity graph.

3
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b
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Creating Waveform and XY Graphs

Waveform graphare for displaying evenly sampled measurements.
XY graphscan display any set of points, whether evenly sampled or not.
You can obtain a waveform graph atydyraph from th&€ontrols» Graph
palette. Examples of these graphs are shown in the following illustration.

= and Y arrays) hulti Flot

1.0-

0.0

R ey sy e w
0 20 40 B0 80 99

0 2000 4950

The waveform graph plots only single-valued functions with points evenly
distributed along thg-axis, such as acquired time-varying waveforms.
Thexygraph is a general-purpose, Cartesian graphing object you can use
to plot multivalued functions such as circular shapes or waveforms with a
varying timebase. Both graphs can display any number of plots.

Each of these graphs accepts several data types. This minimizes the extent
to which you must manipulate your data before displaying it. These data
types are described in the next section.

Following the section on graph data types are sections describing some
of the more advanced options of the graph. These include customizing
the appearance of the graph, displaying and manipulating cursors, and
displaying a legend for the graph.
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Plotting Single-Plot Graphs
Waveform Graph Data Types

For single-plot graphs, the waveform graph accepts two data types. These
data types are described in the following paragraphs.

The first data type the waveform graph accepts is a single array of values.
The graph interprets the data as points and increments them by one, starting
atx = 0. The following diagram illustrates how you create this kind of data.

[srray of y waluesdamsurnes wo=0, dx=1)|

o ]

T Waveform Gn
SI-HAL [mEL]
=

The second data type is a cluster of an inkighlue, aAx value, and
an array ofy data. The following diagram illustrates how you create this

kind of data.
[eluster of w0, dw, and [y]]
| Buridls|
I!u!n = W' avetarrn Graph
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XY Graph Data Types

Thexy graph accepts two data types for a single-plot graph. These data
types are described in the following paragraphs.

The first data type they graph accepts is a cluster containingcamray
and ay data array. The following diagram illustrates how you create this
kind of data.

cluster of [«] and

Bundle

S

The second data type is an arraypoints where a point is a cluster of an
x value and & value. The following diagram illustrates how you create this
kind of data.
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array of cluster of x and v walues

Plotting Multiplot Graphs

You can display multiple plots on a single wavefornxygraph. For the

most part, you use arrays of the data types described in the previous section
to describe multiple plots for display in a single graph. Because G does not
accept arrays of arrays, in a case where creating an array of a single plot
data type produces an array of arrays, you can use either 2D arrays or arrays
of clusters of arrays.

Waveform Graph Data Types

The multiplot waveform graph accepts five data types, described in the
following paragraphs.

The first data type a multiplot graph waveform accepts is a
two-dimensional array of values, where each row of the data is a single plot.
The graph interprets this data as points, with the points startirg@and
increasing incrementally by one.

|2|:I array of y= (rows ar e qr-:phs:l|

If you select th@ranspose Array item from the graph pop-up menu,

it handles each column of data as a plot. This is useful particularly when
sampling multiple channels from a data acquisition board, because that
data returns as 2D arrays, with each channel stored as a separate column.
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The following example shows how you use a graph to display two signals,
where each signal is a separate row of a two-dimensional array.

READ Build
SIGHAL drray
%"Q [\ aveforrn Graph|
READ
SIGHAL

The second data type is a cluster okaalue, aAx value, and a
two-dimensional array of data. They data is interpreted as described
for the previous data type. This data type is useful for displaying multiple

signals all sampled at the same regular rate. The following diagram
illustrates how you create this kind of data.

|¢1uster' of w0, dx, and 20 arrap of y

READ
Pﬁjﬂ% T waveform Gr’aph|
[T 32 e [(E=x]
F#
READ
SIGMAL
Iﬁllul-i-g

The third data type is an array of clusters of an arraydata. The inner

array describes the points in a plot, and the outer array has one element
for each plot.
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larran of cluster of []]

Use this data structure instead of a two-dimensional array if the number

of elements in each plot is different. For example, use this to sample data
from several channels but not for the same amount of time from each
channel. Use this data structure because each row of a two-dimensional
array must have the same number of elements, but the number of elements
in the interior arrays of an array of clusters can vary.

The following illustration shows how to create the appropriate data
structure from two arrays.

READ Euild

SIGkAL
o=

READ
SIGMAL

NoE

To see an example of this concept, look at the Waveform Graph VI in the
examples\general\graphs\gengraph b directory.

|".'."a*.re-f-:nr'm Gr‘aph|

Another way to convert arrays into elements of an array of clusters is to use
the Build Cluster Array function.

The fourth data type is a cluster of an initighlue, &\x value, and an array
of clusters of an array gfdata.

Use this data structure instead of a two-dimensional array if the number of
elements in each plot is different. For example, use this to sample data from
several channels, but not for the same amount of time from each channel.
Use this data structure because each row of a two-dimensional array must
have the same number of elements, but the number of elements in the
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interior arrays of an array of clusters can vary. The following diagram
illustrates how you create this kind of data.

|-'.-'Iu:1:er of o, dx, and arvay of cluster of [y 1

Y aweform Graph|
=un

Notice the arrays are bundled into clusters using the Bundle function,
and the resulting clusters built into an array with the Build Array function.
You can use the Build Cluster Array, which creates arrays of clusters of
specified inputs, instead.

The fifth data type is an array of clusters ofxaralue, aAx value, and an

array ofy data. This is the most general of the waveform graph multiplot
data types, because you can specify a unique starting point and increment
for thex-axis of each plot. The following diagram illustrates how to create
this kind of data.
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[array of cluster of o, dx, and [y]]

= drray Waveform Graph|
0
=

112 |
RERD [EET]

DEL =
SIGMAL =

[y E|
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XY Graph Data Types

Thexy graph accepts two multiplot data types, described in the following
paragraphs. Both of these data types are arrays of clusters of the single plot
data types described previously.

The first data type is an array of clusters of plots, where a plot is an array
of points. A point is defined as a cluster containing andy value. The
following diagram illustrates how you create this kind of data.

|array of cluster of array of cluster of x & y|

Al

o [R gt -
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The second data type is an array of plots, where a plot is a cluster of an
x array and § array. The following diagram illustrates how you create this

kind of data.

array of cluster of [x] and [

(I |
z

20HN
. rap

...... 7] =

0 7

Setting Custom Options on a Graph
Both graphs have optional parts that can be shown or hidden using the
Showsubmenu of the graph pop-up menu. These items include a legend,
from which you can define the color and style for a particular plot; a palette
used to change scaling and format options while the VI is running; and a
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Cursor palette used to display multiple cursors. Following is a picture of a
graph showing all of these optional components except faZ tingor
palette, which is illustrated in tii@raph Cursorssection.

label . . . .
major grids minor grids legend

&Y Graph

0.0 * ‘|: [Fato [
y-scale a0 deed i 'l .

4.0

.0

o.o

0. 5.0 100 | g 5C2e

(il F- 5N LA ]| @ paette
[[F_flﬁ palett:

Graphs have many options to customize your data display. The graph
pop-up menu is shown in the following illustratidmanspose Array is
available with the waveform graph only.

Change to Control
Find Terminal
Show 4
Data Operations #
Create 4
R Mpmuinnlinn,
Replace 4
H Scale 4
¥ Scale 4
Fransnngs §§;';'{'s§
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Scale Options

Graphs can automatically adjust their horizontal and vertical scales to
reflect the data wired to them. Turn this autoscaling feature on or off using
the Autoscale X andAutoscaleY menu items from thBata Operations

or theX Scale¥ Scalesubmenus of the pop-up menu for the graph. You
also can control these autoscaling features from the palette for the graph,
as described later in this chapter. Autoscaling on is the default setting for
graphs. However, autoscaling can cause the graph to run more slowly.

You can change the horizontal or vertical scale directly using the Operating
or Labeling tool, just as you can with any other control or indicator.

The Data Operationssubmenu of the graph pop-up menu includes a
Smooth Updatesitem that uses an offscreen buffer to minimize flashing.
This feature can cause the graph to run more slowly, depending on the
computer and video system you use.

Thexandy scales each have a submenu of items, as shown in the following
illustration.

Change to Control
Find Terminal

Show b
Data Operations P
Create b
B Mg .

Replace b

w Marker Spacing »
¥ Scale b figfed piRrker

HE STty ﬁ;';'e:;L Pronientes BRapE ey
Formatting...

+ AutoScale H

+ Loose Fit
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Marker Spacing

By default, marker values forandy scales are uniformly distributed.
If you prefer, you can specify marker locations anywhere o tre

y scale. This is useful for marking a few specific points on a graph
(such as a set point or threshold).

If you want non-uniform marker distribution, chooser Y Scale»

Marker Spacing»Arbitrary Markers from the pop-up menu for the
scale. After making this selection, if you move the Operating tool over a
tick mark, the cursor changes to the double arrow cursor shown in the
following illustration. You can now create a new marker by dragging the
existing tick mark with theCtrl> (Windows); <option> (Macintosh);
<meta> (Sun); or <Alt> (HP-UX) key selected, or you can move the
existing tick mark anywhere on the scale you want by dragging it.

20.0

75 [ ——
25 50 75

You can add or delete a marker by popping up on the graph or the scale and
selectingAdd Marker orDelete Marker. When a marker is created, type a
number in the marker to change its location.

Formatting

Click Formatting... to bring up the dialog box shown in the following
illustration.

H Scale Formatting
Farrnat and Precizion: Example:
Murneric vI 15
Seoale Style Fapping MMod
;':: () Linear
o D Log | Decirnal -
FGrid Option:
@ m H Awiz m Digits of Precsision
@ m Y hacis @) Floating Point Motation
() Scientific Motation
rSealing Factors——M C) Engineering Motation
Ho dH () Relative Time (seconds)
[o.00E+0 | [1.00E+0
[[ 0K ]] [ Cancel ]
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Select the items in this dialog box to set the following graph properties.

Scale Style—Use this item to select major and minor tick marks for the
scale. Major tick marks are points corresponding to scale labels and minor
tick marks are interior points between labels. You also use this palette to
decide if you want the markers for a particular axis to be visible.

Mapping Mode—Use this item of the scale menus to decide if the scale
maps data using a linear or a logarithmic mode.

Grid Options—Clicking these items brings up a palette of grid types to
select if you want no gridlines, gridlines only at major tick mark locations
(points corresponding to scale labels) or major and minor tick marks
(minor tick marks are interior points between labels). The control next to
the grid pop-up is a color menu you can use to select the color for the
gridlines.

Scaling Factors—You use the scaling factors to specify the initial value

and spacing between points on a waveform chart or graph, or along the
scales of an intensity chart or graph. You also can use these scaling factors
to scale your data for display. For example, if your data is binary sampled
in a range of —2,048 to 2,047, scale this data to its appropriate voltage
values of 0 to 5 by specifying an additive offset of 2.5 and a scaling

factor of 5/4095= 0.001221.

Format & Precision—Thex andy scale format, in numerics or time and
date, is selected through a menu ring at the top of the dialog box.

If you selectNumeric formatting, you can choose if the notation is
floating-point, scientific, engineering, or relative time in seconds; you can
choose if the notation is decimal, unsigned decimal, hexadecimal, octal,
or binary; and you can select the precision (how many digits are displayed
to the right of the decimal point) from 0 through 20. The precision you
select affects only the display of the value; the internal accuracy still
depends on the representation. Examples are shown in the dialog box as
you select each combination of items.
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If you selecfTime & Date formatting, the dialog box changes, as shown in
the following illustration.

H Scale Formatting

Format and Precision: Exarnple :

Tirne & Date vI 06:258:39 PM

Soale Style Mapping Mod 0241741993
1.0- .
o (@) Linear ] Tim
0.0- Lo
OLoa ) AMAPM {0 HH MM
rGrid Option {73 24-hour () HH:MM S5
[ [T v
Seconds Precision: n
2 [T e
~Lrat
rocaling Factors$—mm0 E
Ho dH(H:MM:55) @M.-"D.-"‘r’ {3 Don't Show Year
12:00:00.00 AM | [1.00 Chpimiy (23 2 Digit Year
01/0171595 () ¥ /M0 (@) 4 Digit Year

l 114 l Cancel

You can format for either absolute time or date, or both. If you edit a scale
and enter only time or only date, the unspecified components are inferred.
If you do not enter time when editing, it assumes 12:00 a.m. If you do not
enter a date, the previous date value is assumed. If you enter date, but the
scale is not in a date format, the month, day, and year ordering are assumed
based on the settings in tReeferencesdialog box. If you enter only two

digits for the year, the following is assumed: any number less than 38 is in
the twenty-first century, otherwise the number is in the twentieth century.

Although absolute time displays as a time and date string, it is represented
internally as the number of seconds since 12:00 a.m. January 1, 1904,
Universal Time Coordinated (UTC), formerly known as Greenwich Mean
Time (GMT).

Notice the examples at the top right of the dialog box, which change as you
make selections.

The valid range for time and date differs across platforms as follows.
e (Windows) 12:00 a.m. Jan. 2, 1970 — 12:00 a.m. Jan. 3, 2040
(Windows NT) 12:00 a.m. Jan. 1, 1904 — 12:00 a.m. Jan. 3, 2040

(Macintosh) 12:00 a.m. Jan. 2, 1904 — 12:00 a.m. Jan. 2, 2040
(UNIX) 12:00 a.m. Jan. 1, 1904 — 12:00 a.m. Jan. 17, 2038
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These ranges might be up to a few days wider depending on your time zone
and if daylight saving time is in effect.

Autoscale
F: UseAutoScale (XorY) to turn autoscaling on or off.
Loose Fit
With Loose Fiton, the end markers are rounded to a multiple of the
increment used for the scale. If you want the scales to be set to exactly the
range of the data, turn off th®ose Fititem in the graph pop-up menu.
Panning and Zooming Options
The Graph palette is included with any graph you drop onto the front
panel. This palette has controls for panning (scrolling the display area of
a graph) and for zooming in and out of sections of the graph. A graph with
its accompanying@sraph palette is shown in the following illustration.
100 Pl

@ n-

& -

+0-

2n-

nn-

-1 1
L& Fl LA [+]
[Py
I If you press th& Autoscalebutton, shown at the left, the graph autoscales
+

thex axis. If you press thg autoscale button, shown at the left, the graph
autoscales thgaxis. If you want the graph to autoscale either of the

@ Scales continuously, click the lock switch, shown at the left, to lock
autoscaling On.

By using theScale Formatbuttons, shown left, you can maintain run-time
i § control of the format of thg andy scale markers respectively.

You use the remaining three buttons to control the operation mode for
the graph.
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Normally, you are in standard operate mode, indicated by the plus
or crosshatch. In operate mode, you can click in the graph to move
cursors around.

If you press the Panning tool, shown to the left, you switch to a mode in
which you can scroll the visible data by clicking and dragging the plot
area of the graph.

E}: If you press the Zoom tool, shown at the left, you can zoom in or out on
§ the graph. If you click the Zoom tool, you see a pop-up menu to choose
methods of zooming. This menu is shown in the following illustration.

Unda : +
Zoom + +

A description of each of these items follows.

| Zoom by rectangle.
LA

1 Zoom by rectangle, with zooming restrictedktdata (they scale
il remains unchanged).

! Zoom by rectangle, with zooming restrictedytdata (thex scale

remains unchanged).

Undao Undo last zoom. Resets the graph to its previous setting.
oo
= Zoom in about a point. If you hold down the mouse on a specific point, the
i graph continuously zooms in until you release the mouse button.
+ Zoom out about a point. If you hold down the mouse on a specific point, the
LA graph continuously zooms out until you release the mouse button.
Note For the last two modes, zoom in and zoom out about a p&ihjft> -clicking

zooms in the other direction.

G Programming Reference Manual 15-18 © National Instruments Corporation



Chapter 15 Graph and Chart Controls and Indicators

Legend Options

The graph uses a default style for each new plot unless you create a custom
plot style for it. If you want a multiplot graph to use certain characteristics
for specific plots (for instance, to make the third plot blue), you can set
these characteristics using the legend, which can be shown or hidden using
theShowsubmenu of the graph pop-up menu. You also can indicate a
name for each plot using the legend.

FPlat O 7=

Plat 1 |7

Flot2 1

When you seledtegend only one plot appears. You can create more plots
by dragging down a corner of the legend with the Resizing tool. After you
set plot characteristics, the graph assigns those characteristics to the plot,
regardless of if the legend is visible. If the graph receives more plots than
are defined in the legend, the graph draws them in default style.

When you move the graph body, the legend moves with it. You can change
the position of the legend relative to the graph by dragging the legend to a
new location. Resize the legend on the left to make more room on the
labels, or on the right to make more room on the plot samples.

By default, each plot is labeled with a number, beginning with zero. You
can modify this label the same way you modify other labels. To the right of
the plot label is thplot sampleEach plot sampleas its own pop-up menu

to change the plot, line, color, and point styles of the plot. The array of
points you wire to the graph displays with the characteristics you assign it
in the graph legend.

The plot sample pop-up menu is shown in the following illustration.

Plot 0 Comman Plotz e
Flot 1 Fairt Style »
Line Style 3

Flat 2
. Line Width &
Flat 3 Bar Plotz 2
Flat 4 Fill Baseline  p
Interpolation  #
Flat 5 Calar b
Flat & Y Scale 3
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The Common Plotsitem helps you configure a plot for any of six popular
plot styles, including a scatter plot, a bar plot, and a fill to zero plot. Items
in this subpalette are preconfigured for the point, line, and file styles in
one step.

ThePoint Style, Line Style, andLine Width items display styles you can
use to distinguish a plot. The line width subpalette contains widths thicker
than the default 1 pixel, as well as the hairline item. The latter item has no
effect on the screen display, but prints a very thin line if the printer and print
mode support hairline printing.

Plat O

Commaorn Platz

Flot 1 e Paint Style 3

Flob 2 el Line Shle 3
LX) | e ——

B -%Ear Plots 2
Flat 4 f FilBsclne » —
Flot 5 Interpalation p  ———
g Color o

Y Scale »
|

Note In Windows, wide pens can be only in the solid style.

TheBar Plots item has a selection of vertical bars, horizontal bars, or no
bars at all.

TheFill Baseline item sets what the baseline fills Bero fills from your

plot to a baseline generated atrfinity fills from your plot to the positive
edge of the graphkiInfinity fills from your plot to the negative edge of the
graph. By using the bottom portion of this menu, you can select a specific
plot of this graph to fill to.

Thelnterpolation item brings up the palette shown in the following
illustration, in which you choose how the graph draws lines between
plotted points. The first item does not draw a line, making it suitable for
a scatter plot. The item at the bottom left draws a straight line between
plotted points. The two stepped items, which link points with a right-angled
elbow, are useful for creating histogram-like plots. The item at the top
right plots in they direction first, and the item at the bottom right plots in
thex direction first.
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Fill Bazeline » |
Eg Colar b [a,="
' Scale 3 EI

][]

The Color item displays the palette for selecting the plot color. You also
can color the plots on the legend with the Color tool, and you can change
the plot colors while running the VI.

TheY scaleitem displays a list of thgscales on the graph. This is used on
stacked charts to define on which scale each plot is plotted.

Waveform Charis

The waveform chart is a special type of numeric indicator that displays one
or more plots. Charts are different from graphs in that charts retain previous
data, up to a maximum which you can define. New data is appended to the
old data, letting you see the current value in context with previous data.

For an example of a waveform chart, see
examples\general\graphs\charts b .

Waveform Chart Data Types

You can pass charts either a single value or multiple values at a time.
As with the waveform graph, each value is handled as part of a
uniformly-spaced waveform, with each point spaced one point from the
previous one along the x-axis.

You can pass either a single scalar value or an array of multiple values to
the chart. The chart handles these inputs as new data for a single plot.
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Following are diagrams illustrating how you use the chart for each of these
kinds of data.

Wvanetorm Char|

Wawetorm Char|

[DBL]

The chart redraws less frequently when you pass it multiple points at a time
than if drawn once for each point.

You can pass data for multiple plots to a waveform chart in several ways.
The first method is to bundle the data together into a cluster of scalar
numerics, where each numeric represents a single point for each of the
plots. An example of this is shown in the following illustration.
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If you want to pass multiple points for plots in a single update, you can
wire an array of clusters of numerics to the chart. Each numeric represents
a single point for each of the plots. An example of this is shown in the
following illustration.

W aveform Char’tl
[=0z]

-G

If the number of plots you want to display cannot be determined until
runtime, or you want to pass multiple points for plots in a single update,
you can wire a two-dimensional array of data to the chart. As with the
waveform graph, rows are handled normally as new data for each plot.
You can use th&ranspose Array item of the waveform chart pop-up
menu to handle columns as new data for each plot.

aveform Char]
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Waveform Chart Options

The chart has most of the same features as the graph, including the
legend and palette, and they work the same way. (Se&ctile Options
andLegend Optionsections of this chapter for more information.) The
waveform chart does not support cursors. The following illustration shows
the chart pop-up menu.

Change to Contral
Synchronaus Digplay
Find Terminal

S hiows 2
[rata Operations 3
Create 2
toey il awvigatian...
Replace 2

T Scale 2
(ranEpmEe Aray
Stack Plots

Chart Hiztary Length...

With theShow submenu of the chart pop-up menu, you can show or

hide optional digital display(s) and a scrollbar. Thigital Display item
displays the latest value being plotted. The last value passed to the chart
from the diagram is the latest new value for the chart. There is one digital
display per plot.

You can view past values contained in the buffer by scrolling-thes to
a range of previously plotted values using the scrollbar, or by changing the
x scale range to view old data.

There is a limit to the amount of data the chart can hold in the buffer to
avoid running out of memory. The default size of this buffer is 1,024 points.
When the chart reaches that limit, the oldest point(s) are thrown away to
make room for new data. You can change the length of this buffer using the
Chart History Length... item from the chart pop-up menu.

Chart Update Modes

To change the way the chart behaves when new data is added to the display,
use thedJpdate Mode item from theData Operations submenu of the
pop-up menu of the chart, shown in the following illustration.
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Change to Contral
Find T erminal
Show »
Data Operations Reinitialize to Default
Create 4 b ake Current Walue Default
K.ey Mavigation... Cut Data
Replace » Copy Data
Paszte Data
* Scale [ Diescription. .
Y Scale 3 Online Help
Tranzpose Array
Stack Plots Clear Chart
Chart Histore Length... AutoScale =
AutoScale v
Jpdate Mode

The three items-strip chart, scope chart, and sweep chaate illustrated
in the following pictures, and described in the subsequent paragraphs.
The default mode is strip chart.

Thestrip chartmode has a scrolling display similar to a paper tape strip
chart recorder. As each new value is received, it is plotted at the right
margin, and old values shift to the left.

Strip Chart)
10.0-
5.0-

INCAVAVAY
4.0-

2.0-

0.a-
49

149

Thescope chartnode has a retracing display similar to an oscilloscope.
As each new value is received, it is plotted to the right of the last value.
When the plot reaches the right border of the plotting area, the plot is
erased and plotting begins again from the left border. The scope chart is
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significantly faster than the strip chart because it is free of the processing
overhead involved in scrolling.

Scope I:har't|
10.0-
2.0-
&5.0-
AV
2.0-

0.0-
100 200

Thesweep channode acts much like the scope chart, but it does not blank
when the data hits the right border. Instead, a moving vertical line marks the
beginning of new data and moves across the display as new data is added.

Sweep l:hart|
10.0-
2.0-

5.0-

NV VAVE

2.0-

0.0-
100 200
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Stacked Versus Overlaid Plots

By default, the chart displays multiple plots by overlaying one on top of the
other, like graphs drawn on the same grid. An example of overlaid plots is
shown in the following illustration.

Wareform Eharﬂ

4.0

2 10
00—
=204

-40
sk 40E

Alternatively, you can display multiple plots stacked one above the other
with a differenty scale for each plot, by selecting ®Biack Plotsitem

from the chart pop-up menu. If you do this, thecale for each chart can
have a different range. An example of stacked plots is shown in the
following illustration.

Wareform Dhari:]

Z20

nn—ﬂ

-2.0
40

nn—ﬁ___

-40
=k 408

When you input data to the chart as a cluster, the chart automatically stacks
the correct number of plot displays. When you input data as a 2-D array,
you must create the correct number of plot displays using the Legend,
available in theshow submenu of the pop-up menu. As you enlarge the
Legend display to increase the number of plots, the number of stacked plot
displays increases to match.
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Graph Cursors

For each graph, you can showarsor palette used to put cursors on the
graph. You can label the cursor on the plot, and use a cursor as a marker.
When you use a cursor as a marker, you lock the cursor to a data plot so the
cursor follows the data.

Following are illustrations of a waveform graph and an intensity graph with
theCursor palette displayed.

10.0
&0-
60—
4

4.0-

—
2.0-
0.0 : —

0 2 4 & & 10
[t o Jlro0 JEaoo ID®
lcor 1 JlaooJ[5.00 ||:|

Waveform Graph
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10— —— -100.00
8- -50.00
T
5" -£0.00
4 1|
-40.00
2_
-20.00
0- T T T T
ooz 4 & & 10 | ..
[coro |eo0 |#oo oo ||:| @
i|I2ur' 1 |Foo |Foo |ooo ||:|

Intensity Graph

Each cursor for a graph has the following parts.

A label

x andy coordinates, andcoordinate, if applicable

A button that marks the plot for movement with the plot cursor pad
A button that controls the look of the cursor

A button that determines if the cursor is locked to a plot or moved
freely

These parts are shown in the following illustration.

Cursor movement control

R

Select button for
cursor movement

Cursor name Y position )
Cursor display

X position Z position / control
| . v u v 7 Lock
[coro JEoo Jloo oo ]S control
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The Cursor palette behaves like an array. You can stretch it to display
information on multiple cursors, and you can use the index control to view
other cursor information in the palette. Use $tmwitems of the pop-up
menu on the cursor display to show the index control.

| ERE :5@@

[l5.00

| T @

CEHE

To delete a cursor, you must select it usingStaet Selectionand

End Selectionitems on théata Operationspop-up menu, and then cut
the cursor with th€ut item on the same menu. See 8wdecting Array
Cellssection of Chapter 1#rray and Cluster Controls and Indicatqrs
for more information.

You can move a cursor on a graph by dragging it with the Operating tool,
or by using the cursor movement control. To drag a cursor make sure the
graph does not have the panning tool or zooming tool selected. Clicking
the arrows on the cursor movement control causes all cursors selected to
move in the specified direction. You select cursors either by moving them
on the graph with the Operating tool, or by clicking the select button for

a particular cursor. In the following example, the top two cursors move
vertically downwards.

Blo_|[Fasium JEee Jpse R \@‘
Ert o Jesz mERE]
ilCLIr’ 2z |Eoo_|zoo ||:|

Clicking the cursor display control with the Operating tool displays a
pop-up menu to control the look of the cursor and the visibility of the cursor
name on the plot. This pop-up menu is shown in the following illustration.
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From this menu you select the style of the cross hairs. The cross hairs can
consist of a vertical and/or horizontal line extending to infinity, a smaller
vertical and/or horizontal line centered about the cursor location, or no

Chapter 15
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"' Cross Hair
Point Style
Color
Disible Name

Goto Cursor

Bring into View

b i

cross hairs, as shown in the following illustration.

You also can choose the style of point to use for marking the cursor location

Point Style
Color b

none

lisible Name
Bring into Diew

Goto Cursor

and the color for the cursor as shown in the following illustration.

© National Instruments Corporation

none

Cross Hair a
Point Style
Color ]
Visible Name .
Bring into View
Goto Cursor .

e

L] -] o
| a o]

+ +
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unlocked

5]

locked

Select theVisible Nameitem from this menu to make the cursor name
visible on the plot, as shown in the following illustration.

100

EN- Radurmn

B 10

4 [1—

0

oo

u} 2 4 B 2 id

SelectingBring into View moves the cursor back into the displayed region
of the graph. This is helpful when the cursor moves out of visible range.
Selecting this item changes theyj coordinate position of the cursor.

SelectingGoto Cursor moves the displayed region of the graph so the
cursor is visible. The cursor position remains constant, but the scales
change to include the cursor selected. The size of the displayed region
also stays constant. This feature is helpful when the cursor is used to mark
a point of interest in the graph, such as a minimum or a maximum, and
you want to see that point.

You can use the last button for each cursor to lock a cursor onto a
particular plot. By clicking the lock button you see a pop-up menu you
can use to lock the cursor to a specific plot. If you lock the cursor onto a
plot, the button changes to a closed lock. This pop-up menu is shown in
the following illustration.

==l
E‘J Allow Drag

< Free
Snap to point
Lock to plot

+ Plot 0
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TheDrag item determines if you can move the cursor with the mouse.

If Allow Drag is selected, you can move, or drag the cursor. The items
below the dotted line of the menu determine how you can move the cursor
with the mouse. IAllow Drag is deselected, you cannot move the cursor
around on the plot.

SelectFreeif you want to place or move the cursor anywhere on the graph.
SelectSnap to Pointif you want the cursor to always attach itself to the
nearest point on any plot. Selécick to Plot to attach the cursor to a
specific plot. The first time you seldobck to Plot, the cursor attaches

itself to the first point on the plot. After freeing the locked cursor and
moving it to any new position, selectihgck to Plot moves the cursor

to the last location of the locked cursor.

Below the second dotted line of this menu is a list of the plots you can lock
to (for example, Plot 0, Plot 1, Plot 2, and so on).

A large number of items are available for creating, controlling, and reading
cursors or markers programmatically using the attribute node for a graph.
See Chapter 2Attribute Nodesfor further information.

Intensity Charts

The intensity chart is a way of displaying three dimensions of data on a
two-dimensional plot by placing blocks of color on a Cartesian plane.

The intensity chart accepts a two-dimensional array of numbers. Each
number in the array represents a specific color. The indices of an element
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in the two-dimensional array set the plot location for this color. The
following illustration shows the concept of the intensity chart operation.

Input Array Color Map Definition
Column =y Array
0 1 2 Element Color
=z
0 10 50 13
blue
Row=x 1 45 | 61 | 10 6 purple
10 It red
2 6 13 5
13 dk red
45 orange
50 yellow
61 green

Resulting Plot

3
dk red It red blue
2
yellow green dk red
1
It red orange purple ‘
0 1 2 3 4 5

You can define the colors for the intensity chart interactively, by using the
color scale, or you can define them programmatically through the chart
attribute node. Th€olor Mappingsection later in this chapter explains the
procedure for assigning a color to a number.

The array indices correspond to the lower left vertex of the block of color.
The block has a unit area, as defined by the array indices. The intensity
chart can display up to 256 discrete colors.

After a block of data is plotted, the origin of the Cartesian plane shifts to
the right of the last data block. When new data is sent to the intensity chart,
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the new data appears to the right of the old data, as shown in the following
illustration.

New Input Array

Column =y
0 1 2

0 61 45 5

Row = X 1 45 5 61

2
Resulting Plot

3

dk red It red blue blue green
2

yellow green dk red orange blue
1

It red orange purple green orange
0 1 2 3 4 5

©) (€ &)

When the chart display is full, the oldest data scrolls off the left side of
the chart.

See examples of intensity charts in
examples\general\graphs\intgraph Alb

Intensity Chart Options

The intensity chart shares many of the optional parts of the other charts,
most of which can be shown or hidden from 8w submenu of the

graph pop-up menu. These items include a palette you use to change
scaling and format while the VI is running. In addition, because the
intensity chart has a third dimension (color), a scale similar to a color
ramp control defines the range and mappings of values to colors.

© National Instruments Corporation 15-35 G Programming Reference Manual



Chapter 15 Graph and Chart Controls and Indicators

Following is a picture of a chart showing all of these optional components.

z scale — color scale

y scale x and y grids scale

[\
e

mn

=]

Fl

z

X scale
T

palette\ [ﬂE"E E :|_|J1|
I N~

scrollbar

Intensity charts have a number of items you can use to customize your
data display. The intensity chart pop-up menu is shown below in the
following illustration.

Change to Cantrol
Find Terminal

Show 3
Data Operations #
Create »
kK.ey Mawvigatian...
Feplace r
# Scale 3
' Scale 3
£ Scale 3
Transpose Array
Chart History Length...

Most of these items are identical to the menu items for the waveform chart.
With theShowmenu, you can show and hide the color scale for the z scale.
The X ScaleandY Scalemenus are identical to the corresponding menus
for the waveform chart.
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The intensity chart maintains a history of data from previous updates.

You can configure this buffer by selecti@part History Length... from

the chart pop-up menu. The default size for an intensity chart is 128 points.
Notice the intensity chart display can be very memory intensive. For
example, to display a single precision chart with a history of 512 points
and 128y values requires 512 * 128 * 4 bytes (size of a single), or

256 kilobytes. If you want to display large quantities of data on an
intensity chart, make sure enough memory is available.

The intensity chart supports the standard chart update modes of strip chart,
sweep chart, and scope chart. As with the waveform chart, you select the
update mode from thBata Operationsmenu.

Color Mapping

You can set the color mapping interactively in the same way you define
the colors for a color ramp numeric control. SeeGbkr Ramsection of
Chapter 9Numeric Controls and Indicatorgor more details.

Using the attribute node, there are two ways to set the colors
programmatically. First, you can specify the value-to-color mappings

to the attribute node in the same way you do it with the color scale. For
this method, you specify the Scale Info: Color Array attribute. This
attribute consists of an array of clusters, in which each cluster contains a
numeric limit value, along with the corresponding color to display for that
value. When you specify the color table in this manner, you can specify
an upper out-of-range color using thé&cale Info: High Color attribute,

and a lower out-of-range color using th&cale Info: Low Color. The

total number of colors is limited to 254 colors, with the lower and upper
out of range colors bringing the total to 256 colors. If you specify more
colors, then the 254 color table is created by interpolating between the
specified colors.

The second way to set the colors programmatically is to specify a color
table using th€olor Table attribute. With this method you can specify an
array of up to 256 colors. Data passed to the chart is mapped to indices in
this color table based upon the color scale. If the color scale ranges from
zero to 100, a value of zero in the data is mapped to index one, and a value
of 100 is mapped to index 254, with interior values interpolated between
one and 254. Anything below zero is mapped to the out of range below
color (index zero), and anything above 100 is mapped to the out of range
above color (index 255).
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The colors you want your intensity chart (or graph) to display are limited to the
exact colors and number of colors your video card can display. You are also limited
by the number of colors allocated for your display.

Intensity Graphs

The intensity graph is the same as the intensity chart essentially, except it
does not retain previous data. Each time it is passed new data, the new data
replaces old data as it arrives.

For an example of an intensity graph, see
examples\graphs\intgraph.llb

Intensity Graph Data Type

The intensity graph accepts two-dimensional arrays of numbers, where
each number is mapped by the chart to a color.

Rows of the data you pass in display as new columns on the chart. If you
want rows to appear as rows, useTranspose Array item from the chart
pop-up menu.

Intensity Graph Options

The intensity graph works much like the intensity chart, except it does not
have the chart update modes. Because each update replaces the previous
data, it does not have a scrollbar, and it does not have history options.

The intensity graph can have cursors like other graphs. Each cursor displays
thex, y, andz values for a specified point on the graph. See the

section of this chapter for more information on manipulating the cursors on
the graph.

You set the color mapping the same way you set it for the intensity chart.
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ActiveX Controls

This chapter describes the ActiveX Container capability, which enhances
the interactions between G-based software and other applications.

ActiveX Front Panel Enhancements

The front panel includes thctiveX subpalette, which contains two
ActiveX controls, the ActiveX Container and ActiveX Variant, as shown in
the following illustration.

B! Controls = |

Path & Befnum

ActiveX Variant Control and Indicator

The ActiveX Variant control and indicator let you pass ActiveX Variant
data into the software, so ActiveX client functionality is enhanced. When

you place the ActiveX Variant control and indicator on the block diagram
it appears as follows.

=¢ [LE “ariant
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Use this front panel object when ActiveX Variant data is converted to
display data.

ActiveX Container

The ActiveX container permits integration of ActiveX objects into a

VI panel alongside built-in controls. You can use this container to

display ActiveX controls and embedded documents on the front panel.
The following illustration shows the container as it appears when you first
place it on the front panel.

The ActiveX Container appears as an automation refnum terminal on the
block diagram. You can wire this terminal to Automation functions and,
therefore, control the object embedded in the container. If that object has no
Automation interface, the terminal has an invalid refnum and cannot be
used with the Automation functions.

To insert an object into the front panel container, pop up and select
Insert ActiveX Object. TheSelect ActiveX Objectdialog box appears.

There are two general types of objects that can be contained, Active X
Documents and ActiveX Controls.

ActiveX Documents —These objects can be contained by the container
object and edited by popping up and selectingritiie Object option.

This brings up a new window to edit the object. Some documents support
an automation interface and can be used with automation functions on the
diagram.

ActiveX controls—These objects can be activated and operated upon
inside the container object itself. They have automation interfaces and can
be controlled using Automation function on the diagram.
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Objects can be dropped in three ways. This is enumerated by the selection

at the top of the dialog.

Create Document—Choose a document type from those registered with

the system.

Create Object from File—Choose a document located anywhere in the

Chapter 16 ActiveX Controls

file system. The object can either remain linked to the file, or it can be
copied statically into the panel.

Create Control—Choose an ActiveX control from those registered with

the system.

li> Select ActiveX Object

x]

I Create Document j|

V¥ ‘talidate Servers

Adabe Acrobat Document
Adobe Phatazhop Image
Authorable Buttan

Bitrmap Image

Creative Soundo'LE

Fax Wiewer Document
araphic

raphical Buttan

MIDI Sequence

tedia Clip

[

Ok |

Cancel |

Two types of objects, controls and documents, can be placed in the

container. You can create a new control or document or insert an existing

document. To create a new document, s&eeate Document(as shown

in the previous illustration) and select the object type from the items listed.
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To insert an existing document or file, sel€otate Object from File and
the dialog box changes as illustrated in the following illustration.

i Select ActiveX Object ]|

I Create Object From File ;”

[ Link Ta File Browse... |

ak. I Cancel I

UseBrowse.. to find the document for insertion. If you select Lk To

File option, the document updates when the front panel object is updated.
If you do not seledtink To File, a static version of the document is
inserted.

To insert an existing control, selégteate Control and the dialog box
changes, as shown in the following illustration.
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B> Select ActiveX Object ]|

I Create Control ;”

¥ alidate Servers

Acrobat Contral for A
Active ovie Control Object
ActivelFlugin Object

Blue Sky Software \WebPopupHelp

Calendar Control ]
Common Dialogs Control

FutureSplazh Object

ImageLizt Contral

Lead Std Contral

Liztfiews Control I

k. | Cancel |

The available control types are registered with the system.

[»

Building ActiveX Palettes

UnderProject»Import ActiveX Controls... you also can convert a set of
ActiveX Controls into Custom Controls and add them to the palette menus.

When the menu item is selected, it brings up a list of Controls in the system.
Then you can select one or more controls. You are prompted to select a
directory or.llb  file in which to store the custom controls. The default
destination isser.lib , because all files and directories in that directory
automatically appear in the palette menus.
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Part i

Block Diagram Programming

This section contains information about the components required to build
and manipulate a block diagram in G.

Part 111, Block Diagram Programmingontains the following chapters.

» Chapter 17Introduction to the Block Diagrapdescribes terminals
and nodes—two of the three elements you use to build a block
diagram. The third element, wiring, is covered in ChapteiMiing
the Block Diagram

e Chapter 18Wiring the Block Diagramexplains how to connect
terminals on the block diagram by wiring them together.

» Chapter 19structures describes how to use the For Loop, While
Loop, Case Structure, and Sequence Structure. These structures are in
the Functions»Structurespalette.

» Chapter 20Formula Nodesdescribes how to use the Formula Node to
execute mathematical formulas on the block diagram. The Formula
Node is available from theunctions»Structurespalette.

e Chapter 21YI Servey describes the mechanism for controlling Vis
and applications programmatically. This chapter also describes how to
control VlIs or applications remotely.

» Chapter 22Attribute Nodesdescribes how to use attribute nodes to set
and read attributes of front panel controls programmatically. Some
useful attributes include display colors, control visibility, menu strings
for a ring control, graph or chart plot colors, and graph cursors.

» Chapter 23Global and Local Variablesdescribes how to define and
use global and local variables. Use global variables to access a
particular set of values easily from multiple VIs. Local variables serve
a similar purpose within a single VI.



Introduction to the
Block Diagram

This chapter describes terminals and nodes—two of the three elements you
use to build a block diagram. The thir5d element, wiring, is covered in
Chapter 18Wiring the Block Diagram

Terminals and Nodes

You create block diagrams with terminals, nodes, and wires.

Terminalsare ports through which data passes between the block diagram
and front panel, as well as between nodes on the block diagram. They also
underlie the icons of functions and VIs. The following illustration shows an
example of a terminal pattern on the left and its corresponding icon on the
right. To display the terminals for a function or VI, pop up on the icon and

selectShow»Terminals

Nodesare program execution elements. They are analogous to statements,
operators, functions, and subroutines in conventional programming
languages.

Wiresare the data paths between input and output terminals.

Terminals

G has many types of terminals. In general, a terminal is any point to which
you can attach a wire. G has control and indicator terminals, node
terminals constantsand specialized terminals on structures.

Terminals that supply data, such as front panel control terminals, node
output terminals, and constants, also are calbedce terminalsNode

input terminals and front panel indicator terminals also are called
destinationor sink terminaldecause they receive the data.
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Control and Indicator Terminals

You enter values into front panel controls and, when a VI executes, the
control terminals pass these values to the block diagram. When the VI
finishes executing, the output data passes from the block diagram to the
front panel indicators through the indicator terminals.

The symbols for some of the G control and indicator terminals are shown

in Table 17-1G Control and Indicator Terminal SymboEach symbol
encloses a picture and has a color that suggests the data type of the control
or indicator and, in the case of numerics, the representation as well. Control
terminals have a thicker border than indicator terminals. Because a terminal
belongs to its corresponding control or indicator, you cannot delete a
terminal; if you want to delete a control or an indicator, do it from the front
panel.

An array terminal encloses one of the data types shown in square brackets,
and takes on the color of the data type of an element of the array.

Table 17-1. G Control and Indicator Terminal Symbols

Control Description Color

Extended-precision Orange
floating-point

Double-precision Orange
floating-point

Single-precision Orange
floating-point

Complex Orange
extended-precision
floating-point

Complex double-precision| Orange
floating-point

Complex single-precision | Orange
floating-point

Unsigned 32-bit integer Blue

Unsigned 16-bit integer Blue

EEEEEEEE
JHEEE BHEE

Unsigned 8-bit integer Blue

~
)
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Table 17-1. G Control and Indicator Terminal Symbols (Continued)

Control Indicator Description Color
32-bit integer (long word) | Blue
16-bit integer (word) Blue
8-bit integer Blue
Cluster Elrr?l\:vn or
[E]| | [5GL] | Array Varied
=1 | [=]] | Pat Aqua
Refnum Aqua
Boolean Green
String Pink
Enum Blue
OLE Variant Purple

Constants

Constants are terminals on a block diagram that supply data values directly
to the block diagramUser-defined constantse defined by editing the
constant prior to program execution, and you cannot change their values
during executionUniversal constanthave fixed values.

User-Defined Constants

The easiest way to create a user-defined constant is to pop up on an input
or output and sele@reate Constant These constants are also available
from various palettes in tHeunctions palette, depending on their type.

Most are located at the bottom or top of the relevant palette, such as the
numeric, enumerated, and ring constants in the bottom row biutimeric
palette. Three constants—the color box, listbox symbol ring, and error ring
constants—are located in tNemeric»Additional Numerics subpalette.

The path constant is in tiiéle 1/O»File Constantssubpalette.
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The constants are shown in the following illustration.

llisthox syrnbol ring|

HUmeric enumerated Firc color o

15.23 oFirst] [o]

First El B

-

[AC: by HO Gpro)

IND ern:lrl

You can label your constant by popping up on the constant and selecting
Shows»Label A highlighted text box appears, indicating you can type into

it immediately without changing the tool.

The user-defined constants, like labels, resize automatically as you enter
information into them. If you resize or change the shape of a label or string

constant, you can seleBize to Textfrom its pop-up menu, and the
constant or label resizes itself automatically to fit its contents.

You use the Operating tool to set the value of a user-defined constant the
same way you set the value of a digital control, Boolean slide switch, or

string control on the front panel. Themericandstring constants

resemble front panel numeric controls and have pop-up menus similar to

the pop-up menus of controls, as shown in the following illustration.

G Programming Reference Manual 17-4
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[Murneric Constant |

[

Shion 2
Data Operations P
Heplace 4

Representation B
Format & Precizion. ..
Create Constant
Create Control
Create Indicatar

E_tlring Conztant]

Show »
Drata Operationz  p
Heplace 4

o Size o Test

o Mormal Digplay
%' Codes Dizplay
Fazzword Dizplay
Hex Dizplay

Lirnit to Single Line
Create Conztant
Create Contral
Create [ndicator
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Chapter 17 Introduction to the Block Diagram

You can use the arrow keys to increment or decrement a new numeric
constant or one with its value selected. This is particularly useful with
programming control parameters that have low values like 1, 2, or 3.

Thering constantassociates text with a number, the same way a ring
control on the front panel does. The value of the ring constant is an
unsigned 16-bit integer. Although you can change the representation of a
ring constant to any numeric type except complex, the value is still always
an integer from zero to— 1.

Theenumerated constai similar to the ring constant except the
mnemonics (strings associated with an integer value) are considered part of
the type. When an enumeration is wired to the selection terminal of a Case
Structure, cases are named according to the mnemonics of the enumeration
rather than traditional numeric values. The numeric representation of an
enumeration is always an unsigned byte, word, or long.

You can select colors from tlkelor box constanto use with the color box
control, a control whose values correlate to specific colors. Set the color
box by clicking it with the Color tool or the Operating tool and choosing
the color you want from the color palette.

Thelistbox symbol ringonstant is used to assign symbols to items in a
listbox control.

Theerror ring constants a predefined ring. You click the constant with
the Operating tool and select the error message you want from the dialog
box that appears, as shown in the following illustration. This ring is useful
with functions that return error codes or error clusters, such as the file

1/0 functions, because it makes the block diagrams more descriptive.

For example, if you try to open a nonexistent file using the Open File
function, the function returns an error code. You can test for this condition
by comparing the error code output to an error ring set to a value of File Not
Found (7).
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Mo errar] [0

Argument error !

fd ernony iz full

Ot of zone

End of file

File already open
Genernc file |0 emror
File niot found

File permizzion errar
Drigk. iz full

Duplicate path

Too many filez open

Syztem feature not enabled
w

You can use thpath constanto create a constant path value on the block
diagram.

The path, string, and color box constants are resizable, yet the Boolean,
numeric, ring, and enumeration constants are not. A numeric constant
adapts representation to whatever source you type. For example, if you type
1.1 the constant becomes DBL. This is controlled byAtiapt to Source
setting in theRepresentationpop-up menu.

The Adapt to Source representation indicates whether a numeric constant
automatically determines its representation when you type in a new value.
Block diagram numeric constants are set to Adapt to Source by default
when you create one. For example, when you &yjpe#o a DBL numeric
constant, it automatically changes its type to 132. If you change the
representation of a constant through the pop-up menu, it implicitly turns off
Adapt to Sourceso the constant remains the specified type. If you want to
restore the old behavior of automatically determining its type from any
value entered, you must seldatapt to Sourcefrom the representation
pop-up menu.

The default representation of the numeric constant is a double-precision
floating-point number if you enter a floating-point number, a long integer
if you enter an integer, or a double-precision complex number if you enter
a complex number. For example, the representation is long integer if you
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Nodes

Introduction to the Block Diagram

enter'123' and a double-precision floating-point number if you enter
'123." . You can change the representation withRbpresentationitem
from the constant pop-up menu.

Universal Constants

Universal constants are of two types: universal numeric constants and
universal string constants.

¢ Universal numeric constants—Set of precise and commonly used
mathematical and physical values, such as pi and the speed of light.

* Universal string constants—Set of commonly used nondisplayable
string characters, such as line feed and carriage return.

For more information on these constants, see the LabVIEW or
BridgeVIEW Online Referengeavailable by selectingelp»Online
Reference»Function and VI Reference

Nodes are the execution elements of a block diagram. The six types of
nodes aréunctions subVIs structures Code Interface Nodg<INSs),

Formula NodesandAttribute NodesFunctions and subVI nodes have
similar appearances and roles in a block diagram, but they have substantial
differences. Functions are discussed inRhectionssection of this

chapter. SubVIs are discussed in Chaptéis¥ g SubVis

Structures, which supplement the G dataflow programming model to
control execution order, are described briefly in$teicturessection of
this chapter. For in-depth information, see ChaptefSti@ictures

CINs are interfaces between the block diagram and code you write in
conventional programming languages, such as C or Pascal. For more
information refer to théabVIEW Code Interface Reference Manual
availablein portable document format (PDF) on your software program
disks or CD.

Formula nodes, which supplement G functions by using formulas on the
block diagram, are described in ChapterR@ymula Nodes

Attribute nodes, which change control attributes programmatically, are
described in Chapter 2Attribute Nodes
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Functions

Functions are elementary nodes built into G. They perform elementary
operations like adding numbers, file 1/0, and string formatting. Functions
do not have front panels or block diagrams. When compiled, they generate
inline machine code. S&nline Reference»Function and VI Reference

for detailed descriptions of individual functions.

You select functions from tHeunctions palette, as shown in the following
illustration.

iE»! Functions

Bl
B =

g b b B> [ BN
¥2D@@wﬁ,

£ HE

wall |

Mﬂ v
momy [ [ B B Bl
‘ my

L .--I I|

When you select a function, its icon appears on the block diagram.

To display its label, pop up on the icon and sef#wiw»Label You can
change the label by highlighting the text with the Labeling tool and
retyping. You can use the label of the function to annotate its purpose in
the block diagram.

© National Instruments Corporation 17-9 G Programming Reference Manual



Chapter 17 Introduction to the Block Diagram

You can use the Help window to see how to wire the function, or you can
selectShow»Terminalsfrom the icon pop-up menu, as shown in the
following illustration to see precisely where the terminals are located.

EX

Online Help
Description...

Replace Jerminals

Create Constant
Create Control
Create Indicator

When terminals are showing, sel&ttow»Terminalsagain to show the
icon for the function instead.

When you wire to a function, you wire to one of its terminals.

Some functions have a variable number of terminals. For example, if

you build an array of three elements, the Build Array function needs three
input terminals, but if you build one with 10 elements, the function needs
10 terminals.

You can change the number of terminals ofakpandabldunctions by
resizing the icon with the Resizing cursor in the same way you resize other
objects, as shown in the following illustration. You can enlarge or reduce
functions, but you cannot shrink a function if it causes any wired terminals
to disappear.

- +H
-
-
-
-+—'—

You also can change the number of terminals withAthe: Input and
Remove Inputcommands from the pop-up menu for a terminal, as shown
in the illustration that follows. ThRemove Inputcommand removes the
terminal on which you popped up and disconnects the wire, if the terminal
is wired. TheAdd Input command adds a terminal immediately after the
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terminal on which you popped up. The full names of these commands vary
with the function.

-

['l: Show b . __
Description... @ -I@ @ -3

Replace b I | H

Change to Array
Add Element Input =
Add Array Input @ @ -1
Remove Input

Structures

When you are programming, sometimes it is necessary to repeat sections of
code a set number of times or while a certain condition is true. In other
situations, it is necessary to execute different sections of code when
different conditions exist or execute code in a specific order. G contains
four special nodes, callefructures They help you to control code

execution in ways that otherwise are not possible within the G dataflow
framework.

Each structure has a distinctive, resizable border you use to enclose the
code that executes under the structure's special rules. For this reason, the
diagram inside the structure border is called a subdiagram. You can nest
subdiagrams.

G uses the following structures to execute code.
» For Loop—Repeats execution a set number of times.

*  While Loop—Repeats the execution of its subdiagram while a
condition is TRUE.

» Case Structure—Contains multiple subdiagrams, only one of which
executes depending on the value passed to its selector terminal.

* Sequence Structure—Executes code in the numeric order of its
subdiagrams.
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Because structures are nodes, they have terminals that connect them to
other nodes. For example, the terminals that feed data into and out of
structures are calleadnnels Tunnels are relocatable connection points for
wires from outside and inside the structures. See Chaptgtrti8turesfor
more information.

Replacing and Inserting Block Diagram Objects

Note

Suppose you use an Increment function in a block diagram and the
Decrement function is actually the proper choice. You can delete the
Increment function node and then select the Decrement node from the
Functions palette and rewire it. You also can useR®eplaceitem in the
Increment node pop-up menu. SeleciReplaceaccesses theunctions
palette, from which you can choose the Decrement function. The advantage
of this method is the new node goes in place of the old node and does not
disturb the wiring. You can replace a function with any other function,
although if the number of terminals or data types in each function node is
different, you might have broken wires.

You also can usReplaceto replace a constant with another constant or
a structure with another similar structure, such as a While Loop with a
For Loop.

When usingReplaceon a subVI, if you select a VI whose name is the same as one
already in memory, the replaced node refers to the VI already in memory, not the
VI you selected.

Wire pop-up menus have amsert item. Choosingnsert accesses the
Functions palette, from which you can choose any function or VI on the
palette. The editor then splices the node you choose into the wire on which
you popped up. You must be careful to check the wiring if the node has
more than one input or output terminal, however, because the wires might
not connect to the terminal you expected.
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Adding Constants, Controls,
and Indicators Automatically

Instead of creating a constant, control, or indicator by selecting it from a
menu and wiring it manually to a terminal, you can pop up on the terminal
and choos€reate Constant Create Control, or Create Indicator to

create an object with an appropriate data type automatically. Assuming it
makes sense to do so, the newly created constant, control, or indicator is
wired automatically for you. If the terminal corresponds to a type
definition, you create a type definition constant, control, or indicator. If the
type definition is changed later, the control, indicator, or constant is
updated.

For example, if you need a constant forgkict moddnput of a File

Dialog function, you can pop up on the input and s&leette Constant

The editor creates an enumerated type containing all of the permitted
values for theselect modenput for you. Assuming the mode input is not
wired already to something else, the new constant is wired automatically.

2

Online Help
Descrigtion...
Show L4

Create Constant
Create Control
Create Indicator

Other useful places where you dareate Constant Create Control, or
Create Indicator include the outputs of functions or VIs, wires, constants,
and terminals for front panel controls or indicators.
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Wiring the Block Diagram

This chapter explains how to connect terminals on the block diagram by
wiring them together.

Wiring Techniques

You use the Wiring tool to connect terminals. The cursor point or hot spot
of the tool is the tip of the unwound wire segment, as shown in the
following illustration.

wiring cursor hot spot /'%

.'fl The symbol to the left represents the mouse. In the wiring illustrations in
this chapter, the arrow at the end of this mouse symbol shows what area to

(] click, and the number printed on the mouse button indicates how many
times to click it.

& e

SSIN

To wire from one terminal to another, click the Wiring tool on the first
terminal, move the tool to the second terminal, and then click the second
terminal as shown in the preceding illustration. Do not hold down the
mouse button as you move the mouse from the first terminal to the second
terminal. It does not matter which terminal you click first. The terminal
area blinks when the hot spot of the Wiring tool is correctly positioned on
the terminal. Clicking that terminal connects a wire to it. When you make
the first connection, a wire is drawn between the terminal and the tool as
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you move the cursor across the diagram, as if the wire were unwinding from
a spool. You do not need to hold down the mouse button.

To wire from an existing wire, perform the operation just described, starting
or ending the operation on the existing wire. The wire blinks when the
Wiring tool is correctly positioned to fasten a new wire to the existing wire.

You can wire directly from a terminal outside a structure to a terminal
within the structure using the basic wiring operatioriuAnelis
automatically created where the wire crosses the structure boundary, as
shown in the following illustration.

Wires unwind from terminals vertically or horizontally, depending on the
direction in which you first move the Wiring tool. Wires move vertically if
you move the tool up or down, and they move horizontally if you move the
tool left or right. The connection is centered on the terminals, regardless of
the exact position of the hot spot when you click the mouse button on it as
shown in the following illustration.

G Programming Reference Manual 18-2 © National Instruments Corporation



Chapter 18 Wiring the Block Diagram

. [ =

SSIN

You can bend your wires at a ninety degree angle once without clicking it.
You click an open area to tack the wire and change direction, as shown in
the following illustration.

Note You also can change between horizontal and vertical directions by pressing
the spacebar. You can untack the last tack point by pressiagl-click>
(Windows); <option-click> (Macintosh); <middle button-click> (UNIX).

If the last tack point is the terminal or wire on which you first clicked, untacking
removes the wire completely.

You can double-click with the Wiring tool to begin or terminate a wire in
an open area as shown in the following illustration.

- e
| T
1] ! i I
A IR -"-‘ul
@ “—"i5IH
(2]
terminating in an open area beginning in an open area
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When wires cross, a small gap appears in the first wire drawn, as if it were
underneath the second wire, as shown here.

P —j;

When you are wiring a complicated function or subVI, itis important to pay
attention to the wire stubs and the tip strip that appears as the Wiring tool
approaches the VI icon.

Wire stubs, the truncated wires shown around the VI icon to the left,
indicate the data type of each terminal by their style, thickness, and color.
(For details, refer to th& Quick Reference CandDots at the end of the
stubs indicate inputs. Outputs have no dots. The direction in which the stubs
are drawn indicates the suggested wiring direction to produce clean
diagrams. When you wire a terminal, the wire stub no longer appears for
that terminal.

error in

The tip strip, the box containing text shown to the left, indicates the name
of the terminal to which you wire when you click the mouse button.

You also might want to take advantage of ttedp window feature that
highlights each connector pane terminal. With this feature, you can see
exactly where wires must connect. The three connections of the Add
function are shown as a simple example in the following illustration.
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Block Diagram Help Window

S Y
Add

T

Add

O G

Yy Add

Note The Help window feature illustrated above does not work for functions that can
be grown. The Array Bundle function is one example.
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Wire Stretching

You can move wired objects individually or in groups by dragging the
selected objects to the new location using the Positioning tool. The wires
connected to the selected objects stretch automatically. The wire stretching
capability is demonstrated in the following illustration.

If you duplicate the selected objects or move them from one diagram

into another—for example, from the block diagram into a structure
subdiagram—the connecting wires remain behind, unless you select them
as well.

Note Wire stretching occasionally creates wire stubs or loose ends, discussed in the
Wire Stubs and Loose Ensigbsections of th&olving Wiring Problemsection of
this chapter. You must remove the stubs or loose wires for the VI to execute. The
easiest way to do this is to select Edit»Remove Bad Wirescommand. This also
removes unneeded loops in wires.

Selecting, Moving, and Deleting Wires

A wire segments a single horizontal or vertical piece of wire. The point at
which three or four wire segments join igiaction A bendin a wire is
where two segments join. A wilganchcontains all the wire segments
from junction to junction, terminal to junction, or terminal to terminal if
there are no junctions in between. One mouse click with the Positioning
tool on a wire selects a segment. Double-clicking it selects a branch.
Triple-clicking it selects an entire wire. Press thelete> key or
<Backspace> key to remove the selected portion of wire. This process is
shown in the following illustration.
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segment
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junction
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Two clicks Three clicks select
select a branch. an entire wire.

Repositioning a wired object might result in an extra segment or oddly
positioned wire segment. To reposition a wire segment, drag it to the new
location with the Positioning tool. You can reposition one or more segments
by selecting and dragging them. Use ¢8&ift> key to restrict the wire

drag in horizontal or vertical direction. The direction in which you initially
move determines if the wire is limited to horizontal or vertical translation.
You also can move selected segments one pixel at a time by pressing the
arrow keys on the keyboard. Hold down #shift> key while pressing

the arrow keys to move selected segments several pixels at a time. Adjacent,
unselected segments stretch to accommodate the change. You can select
and drag multiple wire segments, even discontinuous segments,
simultaneously.
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When you move a tunnel, a wire connection normally is maintained
between the tunnel and the wired node, as shown in the following
illustration.

Moving a tunnel sometimes creates an extra wire segment that lies beneath
the structure border, however. You cannot select and drag this segment
because it is hidden, but it disappears if you drag the segment connected to
it, as shown in the following illustration. If you are unsure about which wire

is connected to a tunnel, triple-click the wire.
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Chapter 18 Wiring the Block Diagram

To select the parts of a wire inside and outside a loop structure at the same
time, select the part of the wire on one side of the structure and hold down
the<Shift> key while you select the part of the wire on the other side of
the structure. You can add an object to a group of previously selected
objects by holding down theshift>  key while you select the new object.
Also, you can drag a selection rectangle around both parts of the wire. The
structure is not selected unless you completely surround it with a selection
rectangle. Other nodes must only touch the rectangle to be selected.

You might need to wire an object that is on-screen to one that is off-screen
when, for example, the objects are too far apart to fit on-screen at the same
time. To wire an on-screen object to and off-screen object, first you click
with the wiring tool on a terminal of the on-screen object. Then you can
scroll the diagram automatically while you are wiring by dragging the
Wiring tool slightly past the edge of the block diagram When the second
object is on-screen, click a terminal of the second object to complete
wiring.
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Solving Wiring Problems

Bad Wires

When you make a wiring mistakebeoken wire indicated by a dashed

line, might appear. Sometimes you have a faulty wiring connection that is

not visible because the broken wire segment is very small or is hidden

behind an object. If thRun button shows a broken arrow (as shown at the

* left) but you cannot see any problems in the block diagram, select
Edit»Remove Bad Wiresin case there are hidden, broken wire segments.

If the Run button returns to its unbroken state (shown at the left), you
o corrected the problem. If not, click tBeoken Run button to see a list of
errors.

If you do not know why a particular wire is broken, pop up on the broken
wire and chooseist Errors from the pop-up menu, shown below. The

Error List dialog box appears and lists the errors. Click one of the errors.
Doing this selects the erroneous wire, which you then can delete or repair.

List Errors...
Insert b

For more information, see tliebugging Broken VlandDebugging
Executable Visections in Chapter £xecuting and Debugging VIs and
SubVis

The following list shows some possible wire errors.
e Wire:type conflict

¢ Wire:dimension conflict

*  Wire:element conflict

e Wire:refnum conflict

e Wire:class conflict

¢ Wire:enumeration conflict

e Wire:unit conflict

¢ Wire:has multiple sources

e  Wire:has no source
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* Wire:has loose ends
*  Wire:is a member of a cycle

For information on wiring Structures, see Bigucture Wiring Problems
section in Chapter 1Structures

Wire Type Conflicts

A type mismatch occurs when you wire two objects of different data types
together, such as a numeric and a Boolean as shown in the following
illustration.

The dimension conflict and element conflict errors occur in similar
situations—when you wire two arrays together whose elements match but
whose dimensions do not, and when you wire two clusters whose elements
have type differences, respectively.

The refnum conflict results when you wire two different kinds of refnums
or two datalog file refnums having different record types.

The class conflict error results when you wire two refnums of the same kind
that have classes that differ.

The enumeration conflict error results when you wire two incompatible
enumerations. Two enumerations are compatible if they have the exact
same set of strings or if one has a set of strings that is identical to the first
strings in the other set of strings.

The unit conflict occurs when you wire together two objects that do not
have commensurable units.

Any other type mismatch results in a type of conflict error. These problems
typically arise when you inadvertently connect a wire to the wrong terminal
of a function or subVI. Select and remove the wire and rewire to the correct
terminal. You can use the Help window to avoid this type of error. In other
situations, you might have to change the type of one of the terminals.
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Wiring the Block Diagram

Multiple Wire Sources

You can wire a single data source to multiple destinations, but you cannot
wire multiple data sources to a single destination. In the following example
you must disconnect one source.

During front panel construction, you might have dropped a control when
you meant to drop an indicator. If you try to wire an output value to the
terminal of a front panel control, you see a multiple sources error. Pop up
on the terminal and select tBdange To Indicator command to correct

this error.

No Wire Source

Two examples of wires with no sources are shown in the following
illustration. In one case, a tunnel supplies data to the Reciprocal function,
but nothing supplies data to the tunnel. In the other case, two function
inputs are wired together, but there is no data source for them. The solution
to these problems is to wire a data source to the tunnel and to the Add and
Increment functions, respectively. You also see this error if you wire
together two front panel indicator terminals when one must be a control.

In this case, pop up on one terminal and seledCttrenge To Control
command.
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Loose Ends

Loose endsshown in the following illustration, are wire branches that do
not connect to a terminal. These can result from wire stretching, from
retracing during the wiring process, or from deleting wired objects.
Selectingedit»Remove Bad Wiresdisposes of loose ends.

When you wire to a terminal, you seldom click the terminal when the
cursor is exactly at its center. When you are off-center, a wire segment
automatically attaches itself from the click point to the terminal center.

If you then remove the wire going to the terminal, a loose end can remain,
causing a Broken Run button. This problem is shown in the following
illustration.

click point

™ ) ——'—]{—-
mi— terminal center added segments

L remnant left when
you delete horizontal
segment

To avoid this situation, triple-click a wire to make sure all portions are
selected before you delete it. You also carEidiexRemove Bad Wiresto
delete the loose ends.
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Wire Cycles

Wires must not form cycles. That is, wires must not form closed loops of
icons or structures as shown in the following illustration. The execution
system cannot execute cycles because each node waits on the other to
supply it data before it executes.

-

TheShift Registersection of Chapter 1$tructuresdescribes the correct
way to feed back data in a repetitive calculation.

Wiring Situations to Avoid

The following sections describe situations that do not produce bad wires
but do make the block diagram difficult to read or make it appear to do
things it actually does not do.

Note Remember, when you are unsure of what connects to a wire, you can double-click
the wire to select the branch or triple-click to select the entire wire.

Looping Wires

A loop of wire is not an error but is a poor design because it unnecessarily
clutters the diagram. Double-click one of the branches to select it, then
delete it. A wire loop is shown in the following illustration.

BN

—

Edit»Remove Bad Wiresremoves one branch of these loops to clean up
the wires.
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Hidden Wire Segments

Try to avoid wiring under a structure border or between overlapped objects,
because some segments of the resulting wire might be hidden. An example
of hidden wire segments is shown in the following illustration.

@ paowg (D puaoT
x x
: :
[=as] [.Li"' : [=as] [.Li"' :
E - TP - E - TP -

P HE

IEI ;!‘I'HEEEH IEI ;!‘I'HEEEH

1] 1] I

ﬂﬂﬂﬂﬂﬂﬂﬂ - L
a a

You can create hidden wire segments inadvertently, such as when you move
a tunnel or enlarge a structure, as shown in parts 1 and 2 of the preceding
example. Parts 3 and 4 of this example show one way you can make this
diagram less confusing. You can drag the wire segment connected to the
constant so the hidden wire segments reappear. Presshifte key to
constrain the wire drag and reduce the likelihood of creating loose ends.

© National Instruments Corporation 18-15 G Programming Reference Manual



Chapter 18

Wiring underneath Objects

Wiring the Block Diagram

Wires connect only those objects you click. Dragging a terminal or icon on
top of a wire makes it appear as if a connection exists when it does not, as
shown at the left of the following illustration (1, 2, 3 on the left).

OE—3F Oc=

OE-=5 >

©]=a

[0 -

Dragging a wire through an icon or terminal also appears to make a

connection, but the wire is actually behind the icon, as shown at the right of
the illustration (1, 2, 3 on the right). Avoid these situations because they are
confusing visually.

See théJnderstanding Warningsection in Chapter £xecuting and
Debugging VlIs and SubVfr more information about this problem.
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Structures

This chapter describes how to use the For Loop, While Loop,
Case Structure, and Sequence Structure. These structures are in the
Functions»Structurespalette, as shown in the following illustration.

Functions

StructurEE

@' ~~Structures

El

Seeexamples\general\structs

structures.

b for examples of how to use these

Structures are nodes that supplement the flow of execution in a block
diagram, just as control structures do in a conventional programming
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language. The icon for each G structure is a resizeable box with a
distinctive border, as shown in the following illustration.

Loop Structures

For Loop

[ [

While Loop

Case Structure

4 Falsel]

Sequence Structures

joog MO0 17w
Oooo Ooooao
Single Frame Multiframe

Sequence Structure Sequence Structure

Structures behave like other nodes in that they execute automatically when
their input data is available, and they supply data to their output wires
only when execution completes. However, each structure executes its
subdiagram according to the rules described in the following sections.

A subdiagram is the collection of nodes, wires, and terminals residing
within the structure border. The For Loop and While Loop each have

one subdiagram. The Case and Sequence structures, however, can have
multiple subdiagrams stacked like cards in a deck with only one visible at a
time. You construct subdiagrams the same way you construct the top-level
block diagram; subdiagrams can contain block diagram terminals, nodes
(including other structures), and wires.
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You create terminals for passing data into and out of a structure
automatically where wires cross the structure boundary. These boundary
terminals are calletlinnels Tunnels always have one edge exposed to the
inside of the structure and one edge exposed to the outside. A tunnel always
resides on the border of the structure, but you can move it anywhere along
that border by dragging it with the Positioning tool.

Structures also have other terminals particular to each type of structure.
These terminals are described with the appropriate structures in the
following sections.

For Loop and While Loop Structures

You use the For Loop and While Loop to control repetitive operations,
either until a specified number of iterations completes (For Loop) or while
a specified condition is true (While Loop).

For Loop

A For Loop executes its subdiagramunttimes, where the count equals
the value contained in tl@unt terminal You can set the count explicitly
by wiring a value from outside the loop to the left or top side of the count
terminal, or you can set the count implicitly wihto-indexingsee the

m Auto-Indexingsection in this chapter for more information). The other
edges of the count terminal are exposed to the inside of the loop so you can
access the count internally.

Theiteration terminalcontains the current number of completed iterations;
m 0 during the first iteration, 1 during the second, and so on Np-td. Both
iteration terminal the count and iteration terminals are signed, long integers with a range of
0 through 31— 1. If you wire a floating-point number to the count terminal,
E G rounds it off, if necessary, and coerces it to within the range. If you wire

, 0 to the count terminal, the loop does not execute.
count terminal

The For Loop is equivalent to the following pseudocode.
fori=0toN-1

Execute subdiagram
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While Loop

A While Loop executes its subdiagram until a Boolean value you wire to
theconditional terminals FALSE. G checks the conditional terminal value

at the end of each iteration, and if the value is TRUE, another iteration
occurs, so the loop always executes at least once. The default value of the
conditional terminal is FALSE, so if it is unwired, the loop iterates only

once.
@ m The iteration terminal contains the number of completed iterations, just as
— B it does in the For Loop.
conditional iteration
terminal terminal

The While Loop is equivalent to the following pseudocode.
Do
Execute subdiagram (which sets condition)
While condition is TRUE

You can add terminals callstift registerdo both loop structures. You use
shift registers for passing data from the current iteration to the next
iteration. See th8hift Registersection of this chapter for more
information.

Placing Objects inside Structures

You can place an object inside a structure by dragging it inside, or by
building the structure around the object.

You cannot put an object inside a structure by dragging the structure over
the object. If you move a structure and it overlaps another object, the editor
displays the object it considers to be in front. If you put the structure
completely over another object, and the editor makes it the frontmost
object, it displays a thick shadow to warn you the object is below, not inside
the structure. Otherwise, the structure is hidden completely by the object.
For information on which objects your application selects as frontmost, see
the sectiorPositioning Objectin Chapter 2Editing VIs Both situations

are shown in the following illustration.
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Placing and Sizing Structures on the Block Diagram

When you select a structure fréranctions»Structuresand prepare to put

it on your diagram, you see a small icon of the structure in place of your
cursor. This icon is ready to be placed on your block diagram. If you click
and release without resizing, you are still in resizing mode until you click
again. You can click the diagram while holding down the mouse and drag
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the structure to the size you want. An example is shown in the following
illustration. You also can size the structafeer you drop it on the diagram
by clicking any corner with the Resizing cursor and dragging.

e e e — e —— —

100000000

OO0O00000n

Placing Terminals inside Loops

Inputs pass data into a loop at the start of loop execution. Outputs pass data
out of a loop only after the loop completes all iterations.

You must place a terminaisidea loop when you want the loop to check
the value of the terminal on each iteration. For example, when you place
the terminal of a front panel Boolean control inside a While Loop and wire
the terminal to the loop conditional terminal of the loop, the loop checks the
value of the terminal averyiteration to determine whether it must iterate
again. You can stop this While Loop, shown in the following figure, by
changing the value of the front panel control to FALSE.
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If you place the terminal of the Boolean control outside the While Loop, as
shown below, you cause an infinite loop if the Boolean control is TRUE
when the loop starts.

If the control was TRUE at the start, changing the value of the front panel
control to FALSE does not stop the execution of this loop because the
value is not propagated until the loop stops and the VI is re-run. If you
inadvertently create an infinite loop, you can stop it by aborting the VI.
Click the abort button to stop execution.

Auto-Indexing

For Loop and While Loop structures can index and accumulate arrays at
their boundaries automatically. These capabilities collectively are called
auto-indexingWhen you wire an array from an external source to an input
tunnel on the loop border and enable auto-indexing on the input tunnel,
components of that array enter the loop one at a time, starting with the first
component. The loop indexes scalar elements from one-dimensional
arrays, one-dimensional arrays from two-dimensional arrays, and so on.
The opposite action occurs at output tunnels— scalar elements accumulate
sequentially into one-dimensional arrays, one-dimensional arrays
accumulate into two-dimensional arrays, and so on.
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The following illustration shows the appearance of tunnels on the loop
structure borders with and without auto-indexing. The wire becomes
thicker as it changes dimensions at the loop border.

@

Enable Indexing
Create Constant
Create Control

Create Indicator

You often use For Loops to process arrays sequentially. For this reason,
array tunnels have auto-indexing enabled by default when you wire an
array into or out of a For Loop. While Loops are not commonly used

for that purpose, so they are not enabled for auto-indexing by default.
To enable or disable auto-indexing on a tunnel on the loop border, you
must pop up on the tunnel at the loop border and chewakle Indexing

or Disable Indexing

Auto-Indexing for Setting the For Loop Count

When you begin auto-indexing on an array entering a For Loop, it
automatically sets the count to the size of the array, thus eliminating

the necessity for you to wire to the count terminal explicitly. If you start
auto-indexing for more than one tunnel, or if you also set the count
explicitly, the count becomes the smallest of the choices. For example,

if two auto-indexed arrays enter the loop, with 10 and 20 components
respectively, and you wire a value of 15 to the count terminal, the loop
executes 10 times, and the loop indexes only the first 10 components of the
second array.

Auto-indexing output arrays receive a new output element from every
iteration of the loop. Therefore, auto-indexed output arrays are always
equal in size to the number of iterations (10 in the previous example).

If auto-indexing is disabled on an output tunnel, only the element value
from the last iteration of the loop is passed out.

G Programming Reference Manual 19-8 © National Instruments Corporation



Chapter 19 Structures

Auto-Indexing with While Loops

When you enable auto-indexing for an array entering a While Loop, the
While Loop indexes the array in the same way a For Loop does. However,
the number of iterations a While Loop executes is not limited by the size of
the array, because the While Loop iterates as long as a certain condition is
TRUE. When a While Loop indexes past the end of the input array, the
default value for the array element type passes into the loop. Auto-indexed
output arrays receive an output element from each iteration of the While
Loop. They continue to grow in size as long as the While Loop executes.

Note Auto-indexing with a While Loop that iterates too many times can cause you to
run out of memory. If you are a LabVIEW user, see Chaptesrays, Clusters,
and Graphsof theLabVIEW User Manudbr further information about building
arrays with While Loops to prevent this problem.

Executing a For Loop Zero Times

When you set the count to zero, a For Loop does not execute its subdiagram
at all. The value of all scalar data leaving the For Loop conforms to the
following rules.

* Anoutput array created by auto-indexing at an output tunnel is empty.

* The output from an initialized shift register is the initial value. See the
Shift Registersection of this chapter for more information.

e An array passed through a non-indexing output tunnel is also empty.

» All scalars passed through non-indexing output tunnels are undefined,
and you cannot rely on their value.

The loop count is set to zero or defaults to zero in two ways. You can
auto-index an empty input array, or you can wire a zero or a negative
number to the count terminal explicitly.

When you auto-index input arrays or set the loop count with a variable,
analyze the diagram to determine whether a zero count occurs, and if so,
ensure that the diagram can handle an empty array.
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Shift Registers

Shift registers, which are available in For Loops and While Loops, are local
variables that feed back or transfer values from the completion of one
iteration to the beginning of the next. By selectidyl Shift Register

from the loop border pop-up menu, you can create a register anywhere
along the vertical boundary, as shown in the following illustration. This
menu item is not available from the top or bottom edge of the structure. You
can reposition a shift register along the vertical boundary by dragging it.

Online Help

Description...
Show 4
Replace 4

Remouve For Loop /
[/

Add Shift Register

A shift register has a pair of terminals directly opposite each other on the
vertical sides of the loop border. Thght terminal the rectangle with the

up arrow, stores the data at the completion of an iteration. G shifts that data
at the end of the iteration, and it appears inafte¢erminal the rectangle

with the down arrow, in time for the next iteration. You can use shift
registers for any type of data, but the data you wire to the terminals of each
registers must be of the same type. You can create multiple shift registers
on a particular structure.

To initialize a shift register, wire a value from outside the loop to the left
terminal. If you do not initialize the register, the loop uses the value written
to the register when the loop last executed, or the default value for its data
type if the loop has never executed. Use initialized shift registers to ensure
consistent behavior. LabVIEW users can refer to Chaptesdys and

Charts of theLabVIEW User Manudir further information on using
uninitialized shift registers. BridgeVIEW users can refer to Chapter 10,
Loops and Chartsof theBridgeVIEW User Manual
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When the loop finishes executing, the last value stored in the shift register
remains at the right terminal. If the right terminal is wired outside of the
loop, this last value passes out when the loop completes. This property is
shown in the following illustration.

B Untitled 1 = [ Untitled 1 Diagram = ol x]
File Edit Operate Project | File Edit Operate Project Windows Help ]
@I@I EM | Ipt A E:)I&i‘l @; 1l I @ ‘Ellﬁ’lﬁi |'|3|:|l Application Font =] |;;, «| |l 1 g
number of teratons| humber of iterations| T
&
=0 N
initial value initial valuel ot
[ T3z = [ =l e
output i
CI—
7] [ I wlz

I

Resizing cursor

The left hand side of a shift register can have more than one terminal, so it
can remember more than one previous value.

To add or remove terminals to a particular shift register, use the
Resizing cursor to resize the left terminals. Alternatively, you can use the
Add Element command from the shift register pop-up menu to add more
left terminals to the shift register. Added terminals appear directly below
the one on which you pop up. Use Bemove Elementcommand to
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remove the terminal on which you pop up. The following illustration shows
both methods. The only way to remove extra wired terminals is to choose
Remove Elemenfrom the shift register pop-up menu. SeleciRgmove

All deletes the shift register.

Hemarve Blomeant

@ Remowve All @
N |
d |

The left, topmost terminal holds the value from the previous iteratioh,
The terminal immediately under the uppermost terminal contains the value
from iterationi — 2, and so on, with each successive terminal.

If you initialize one left terminal of a shift register, you must initialize all
of them.

The following pseudocode shows a three-value running average routine
equivalent to the G block diagram.

a=b=0
fori=0toN-1
avg = (x[i] + a + b)/3
b=a

a = X[i]
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N
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For an example of how a shift register is set up, see
examples\general\structs Ib\Random Average .vi .

Case and Sequence Structures

Both Case and Sequence structures can have multiple subdiagrams,
configured like a deck of cards, of which only one is visible at a time.

At the top of each structure border is subdiagram display windaw

which contains aiagram identifierin the center and decrement and
increment buttons at each side. For a Case structure, the diagram identifier
displays the values that cause the currently displayed subdiagram to
execute. For a Sequence structure, the diagram identifier indicates which
subdiagram is currently displayed. If the diagram identifier is numeric,

it is followed by a diagram identifier range, which shows the minimum

and maximum values for which the structure contains a subdiagram.

Case Structure

fFaeh]
:

Sequence Structures

SNCINC TN W ook
Ooo OOooo
Single Frame Multiframe

Sequence Structure Sequence Structure
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Case Structures

Clicking the decrement (left) or increment (right) button displays the
previous or next subdiagram, respectively. Decrementing from the first
subdiagram displays the last, and incrementing from the last subdiagram
displays the first subdiagram. Other uses of the display window are
explained in the&€ase StructureandSequence Structurasgctions of this
chapter.

Seeexamples\general\structs AIb\SquareRoot vi foran
example of a Case Structure.

Case structures choose a single subdiagram, or case, to execute based on an
input value, which is called the selector. With Case structures, you can do
the following.

« Specify lists and ranges of selector values that correspond to a case.
« Use an integer, a boolean, a string or an enum type as a selector.

e Specify a default case (or action).

e Sort cases based on the first selector value.

When you place a Case structure on a block diagram, you type in the
selector values directly into the Case structure selector label. You can also
edit the selector values using the labeling tool. You can specify a single
value, or lists and ranges of values that select the case. To indicate a list,
separate the values by commas, such as -1, 0, 5, 10. A range is specified as
10..20, meaning all numbers from 10 to 20 inclusively. You also can use
open-ended ranges such as ..0 (all numbers less than or equal to 0), or 100..
(all numbers greater than or equal to 100). Lists and ranges can be
combined, such as ..5, 7..10, 12, 13, 14. When you type in a selector that
contains overlapping ranges, the Case structure redisplays the selector in a
more compact form. The previous example redisplays as ..10, 12..14.

You also can use string and enum values in a case selector. These always
display in quotes, such asd” |, “green” ,“blue” . However, you do
not need to type in the quotes when entering the values unless the string or

enum contains a comma or the symbol “..".
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Note If you type in a selector value that is not the same type as the object wired to the
selector icon, then the value displays in red and your VI cannot run. Also, because
of the possible round-off error inherent in floating point arithmetic, LabVIEW
does not permit floating-point numbers to be used in case selector labels. If you
wire a floating point type to the case, the type is rounded to the nearest integer as
in previous versions of LabVIEW. If you try to type in a floating point value such
as 1.2 into the Case selector, it displays in red.

The Case shown below is a numeric type, so the string selector value displays
in red.

T T S

Figure 19-1. Case Structure Type Mismatch

To add more cases, follow the procedure outlined ithting
Subdiagramsection of this chapter.

Note Case statements in other programming languages generally do not execute any
case if a case value is out of range. In G, you must include a default case that
handles out-of-range values, or explicitly list every possible input value.

You can position the selector anywhere along the left border, but you must
wire the selector. The selector automatically adjusts to the data type. If you
change the value wired to the selector from a numeric to a Boolean, cases
0 and 1 change to FALSE and TRUE. If other cases exist (2 thrjugh

G does not discard them, in case the change in data types is accidental.
However, you must delete these extra cases before the structure can
execute.

The same principle applies if you wire an enumeration to the selector and
there are more cases than items in the enumeration. The diagram identifier
for such cases is displayed as a red numeric identifier to indicate these cases
must be deleted before the structure can execute.
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When converting case selector values to a different type, consider the
following. If you are converting numeric values like 23 to a string, then the
string value i23. If you convert a string to a numeric value, only those
selector strings that represent a number are converted to numeric values.
The other values remain strings. If you convert a number to a Boolean, then
0 is converted téralse and1 to True , while the other values become
strings.

The data at all input terminals (tunnels and selection terminal) is available
to all cases. Cases are not required to use input data or to supply output data,
butif any case supplies output data, all must ddfsgou do not wire data

to an output tunnel from every case, the tunnel turns white, as in the top
example in the following illustration, and tRein button shows a broken
arrow.

When all cases supply data to the tunnel, it turns black, as in the bottom
example in the following illustration, and the run button appears unbroken.

Incorrect

Correct

The pop-up menu items on the Case structure include items for
non-Boolean cases, as shown in the following figure.
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[rlime
Deszcription...
Show 2
Feplace 3
Remove Caze Shucture

Add Caze
Duplicate Caze
Femove Caze

Show Caze 2
Fearrange Cazes...
take Thiz Case Default

Figure 19-2. Pop-Up Menu Items for a Case Structure

TheAdd Casefunction adds a case after the visible case. You cannot add
cases before the visible case. You can change the case order by selecting
Rearrange Cases...When you do so the following dialog box appears.

{» Rearange Cases

Caze List
0, Default

Complete selector string
0, Default j

[ |

Sort | Help... |

Ok, I Cancel |

Figure 19-3. Rearrange Case Dialog Box
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Note

Structures

The Sort button sorts the case selector values based on the first selector
value. To change the location of a selector, click the selector value you
want to move and drag it to the location you want to move @aomplete
selector stringshows the selected case selector in its entirety, in case it is
too long to fit in theCase List Context-sensitive help on any of the
controls is available in this dialog box by clicking thelp button.

This feature only changes the order in which the cases appear in the case
structure. It does not affect the run-time behavior of the Case structure.

TheMake This Case Defaultitem in the pop-up menu specifies a
particular case to execute if the selector value is not listed in the Case
structure. The worB®efault is listed in the selector value at the top of the
Case structure. You must specify a default case for a Case structure if it
does not contain selectors for every possible selector value.

Adding, moving, and deleting Case subdiagrams are discussed after the
following section on the Sequence Structure, because these operations are
similar for both structures.

Sequence Structures

The Sequence Structure, which looks like a frame of film, consists of one
or more subdiagrams, frames that execute sequentially. For an example
of a VI that uses a Sequence Structure gsemples\general\
structs.lIb\TimingTemplate.vi

Determining the execution order of a program by arranging its elements

in sequence is callambntrol flow BASIC, C, and most other programming
languages have inherent control flow, because statements execute in the
order in which they appear in the program. The Sequence Structure is a
way of obtaining control flow when data dependencies are not sufficient.

A Sequence Structure executes frame 0, followed by frame 1, then frame 2,
until the last frame executes. Only when the last frame completes does data
leave the structure.

Within each frame, as in the rest of the block diagram, data dependency
determines the execution order of nodes.

You use the Sequence Structure to control the order of execution of nodes
which are not data dependent. A node that receives its data directly or
indirectly from another node has a data dependency on the other node and
always executes after the other node completes. It is not necessary to use
the Sequence Structure when data dependency exists or when the execution
order is unimportant.
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This situation occurs often when you want to determine how much time

a function takes. The Tick Count function returns the current time in
milliseconds. The time is not required to perform the function, so there

is no data dependency between time measurement and the function.

As shown in the following illustration, the Tick Count function to the left

of the sequence structure executes before the sequence structure. Then the
function executes in frame 0 and the time elapsed calculation is done in
frame 1. The sequence structure enforces the proper execution order.
(Frame 0 is not shown).

o 1[0 1]}

current time

Tick Count (s
Elapsed Time (sac

initial time
1000.0

ME per sec|

Output tunnels of Sequence Structures can haveam@gata source,

unlike Case Structures. The output can emit from any frame, but keep in
mind data leaves the structure only when it completes execution entirely,
not when the individual frames finish. Data at input tunnels is available to
all frames, as with Case Structures.

To pass data from one frame to any subsequent frame, use a terminal called
asequence locall o obtain a sequence local, chodslel Sequence Local

from the structure border pop-up menu. This item is not available if you
pop up on a sequence local or over the subdiagram display window. You
can drag the terminal to any unoccupied location on the border. Use the
Removecommand from the sequence local pop-up menu to remove a
terminal.

An outward-pointing arrow appears in the sequence local terminal of the
frame containing the data source. The terminal in subsequent frames
contains an inward-pointing arrow, indicating the terminal is a source for
that frame. In frames before the source frame, you cannot use the sequence
local, and it appears as a dimmed rectangle. The following illustrations
show the sequence local terminal.
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oooooog

Sequence local Sequence local
cannot be used. is sink of data.

ooogooang

Sequence local Cannot wire an
is source of data. input value to a
sequence local
that is a source.

Editing Case and Sequence Structures

Because editing and manipulating the Case and Sequence structures
involves similar techniques, the following examples show only the Case
Structure and its pop-up menus. For Sequence Structures, replace the word
casewith the wordrame A new Case Structure has two cases, but can be
edited to have one case as well. A new Sequence Structure has one frame.

Moving between Subdiagrams

The fastest way to view the next lower or higher subdiagram is to click the
decrement or increment button in the display window. If you want to jump
over several subdiagrams, click the subdiagram identifier and select the
destination subdiagram from the pop-up menu, as shown in the following
illustration. You also can use tBfow Casecommand from the border
pop-up menu.
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Online Help
Descriptiorn...

Show 2
Feplace 3

Femove Caze Stucture

Add Caze
Duplicate Caze
Femove Caze

Show True Caze

Make Thiz True Case”

Adding Subdiagrams

If you selecDuplicate Casefrom either the structure border pop-up menu
or the diagram identifier pop-up menu, as shown below, a copy of the
visible subdiagram is inserted after itself.

Online Help
Dezcrption. ..

Shiow 2
Replace 3

Remove Caze Stucture

Add Caze

Duplicate Caze b
Remaove Caze g

Show Caze 3
Rearrange Cases...
take Thiz Case Default

When you add or remove subdiagrams to a sequence structure, the editor
automatically adjusts the diagram identifiers to accommodate the inserted
or deleted subdiagrams. For case structures, the order of subdiagrams is
irrelevant to program execution, but can be changed usiriRethgange
Cases..item in the pop-up menu.

© National Instruments Corporation 19-21 G Programming Reference Manual



Chapter 19 Structures

Deleting Subdiagrams

To delete the visible subdiagram, choBsmmove Casdrom the structure
border pop-up menu, shown below. This command is not available if only
one subdiagram exists.

Online Help
Descriptior...

Show 2
Feplace 3

Femove Caze Structure

Add Caze

Duplicate Caze

-2

Remov

Show Caze 3
FRearange Cazes..
M ake Thiz Case Default

Structure Wiring Problems
The following sections discuss faulty connections with structures.

Assigning More Than One Value to a Sequence Local

You can assign a value to the local variable of a Sequence Structure in only
one frame, although you can use the value in all subsequent frames. The
illustration to the left below shows the value pi assigned to the sequence
local in frame 0. If you try to assign another value to this same local
variable in frame 1, you produce a bad wire. This error is a variation of the
multiple sources error.

10 Ol [0.1] pf O O 10 1[0.1] {00
[72]- -1

Oo0o0o0g0o0o0ogd Oo0o0o0g0o0o0ogd
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Failing to Wire a Tunnel in All Cases
of a Case Structure

Wiring from a Case Structure to an object outside the structure results in a
bad tunnel if you do not connect a source in all cases to the object, as shown
in part 1 of the following example. This is a variation of the no source error
because at least one case does not produce a data value if executed. Wiring
to the tunnel in all cases, as shown in part 2 of this example, corrects the
problem. This is not a multiple sources violation because only one case
executes and produces only one output value per execution of the Case
Structure.

Overlapping Tunnels

Because G creates tunnels as you wire, tunnels sometimes overlap.
Overlapping tunnels do not affect the execution of the diagram, but they
can make editing difficult. Avoid creating overlapping tunnels. If they
occur, drag one tunnel away to expose the other. Look at the following
example.
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It is difficult to tell which tunnel is on top. You can make mistakes if you
try to wire to one of them while they overlap, although you always remove
the bad wires and try again.

If you must wire from an object inside a structure to an object outside when
one such wire already existlg not wirethrough the structure again as
shown in the above illustration. Instead, begin the second wire at the tunnel.
In this example, two overlapping tunnels do not cause a problem. But if this
was a Case Structure, two overlapping bad tunnels might appear wired in
each case. You always can remove all the wires from a tunnel to make it
vanish and then rewire correctly.

If your VI tunnels are completely overlapping, a warning appears in the
Error List window if you selecBhow Warnings See theJnderstanding
Warningssection in Chapter &£xecuting and Debugging VIs and SuhVIs
for more information on these problems.

Wiring from Multiple Frames
of a Sequence Structure

This next illustration shows another variation of the multiple sources error.
Two Sequence Structure frames attempt to assign values to the same
tunnel. The tunnel turns white to signal this error.

1140 [0, 11 5 TT4[ 1 [0..11 W[5
Tz

ooooagd
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Wiring Underneath Rather Than Through a Structure

To wire through a structure you must click either in the interior or on the
border of the structure, as shown below.

If you do not click in the interior or on the border of the structure, the wire
passes underneath the structure, as shown below.

When the Wiring tool crosses the left border of the structure, a highlighted
tunnel appears to indicate the editor creates a tunnel at that location as soon
as you click the mouse button. If you continue to drag the tool through the
structure without clicking the mouse until the tool touches the right border
of the structure, a second highlighted tunnel appears on the right border.

If you continue to drag the Wiring tool past the right border of the structure
without clicking it, both tunnels disappear, and the wire passes underneath
the structure rather than through it.

Examine the following illustration.

If you tack down the wire inside the structure, however, the wire goes
through the structure even if you continue dragging the Wiring tool past the
right border.
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Removing Structures without Deleting ltems
in a Structure

You can remove a structure (For Loop, While Loop, Case Structure, or
Sequence Structure) without losing the contents of the structure. If you pop
up on any of these objects, you see an item for deleting the structure. In the
case of For Loops and While Loops, the contents of the loop are copied to
the underlying diagram. In addition, any wires connected by tunnels are
connected together automatically.

In the case of a Case Structure or Sequence Structure, removing the
structure only preserves the current frame or case. All other frames or cases
are deleted. You are warned of losing hidden frames or cases and are given
a chance to cancel the operation.
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ﬁBBBBRE This chapter describes how to use the Formula Node to execute
EEE mathematical formulas on the block diagram. The Formula Node is
available from thé-unctions»Structurespalette.
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Using Formula Nodes

The Formula Node is a resizable box similar to the four structures (For
Loop, While Loop, Case Structure, and Sequence Structure). Instead of
containing a subdiagram, however, the Formula Node contains one or more
formula statements delimited by a semicolon, as in the following example.

U=3*x"Z+x*¥logix ) ;

Formula statements use a syntax similar to most text-based programming
languages for arithmetic expressions. You can add comments by enclosing
them inside a slash—asterisk paicdmment*/ ).

Seeexamples\general\structs JIb\Equations vi for an example
of a VI that uses a Formula Node.

The pop-up menu on the border of the Formula Node contains items to add
input and output variables, as shown in the following illustration.
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U=3%x"2+x*¥logix);

Show b
Description...

Add Input
Add Output

U=3%x"2+x*¥logix);

*
Show b
Description...
Add Input
Add Output |
U=3%x"2+x*¥logix);
*

Output variables are distinguished by a thicker border.

There is no limit to the number of variables or formulas in a Formula Node.
No two inputs and no two outputs can have the same name. However, an
output can have the same name as an input.

Every variable used in the Formula Node for a calculation must be declared

as an input or an output. Intermediate variable, that is, variables assigned to
outcomes of operations calculated after input(s) to the node but before the
final output from the node, must be declared as outputs. However, it is not

necessary for intermediate variables to be wired to nodes external to the
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Formula Node. In the following illustration, tlyesariable and the
z variable must both be declared as outputs, even if the vailuis obt
wired to external nodes.

y=x¥z,;
z=y #2;

You can change an input to an output by selec@ingngeto Output from
the pop-up menu, as shown in the following illustration.

Y=3*¥x"Z+xFlogix);

.. Change to OQutput

You can change an output to an input by seled@ingngeto Input from
the pop-up menu, as shown below.

Y=FFx "2+ u*logix) ;

I.]
“Change to Input

All variables are floating-point numeric scalars, whose precision depends
on the configuration of your computer. Variables cannot have units.

All input variables appearing in the formulas must be wired. All wired
output variables must be assigned in at least one statement; that is, they
must be on the left side of an equal sign. An output variable might appear
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in an expression on the right side of an equal sign, but G does not verify
if it is assigned in a previous statement. When an assignment occurs as
a subexpression, the value of the subexpression is the value assigned;
for example

X = sin / = pi/3)
aSS|gns§ ty, and then as&gnstD X0

If a syntax error occurs, you can click 8eken Run button to see the
error listing. In the listing, the Formula Node displays a portion of the
formula with a # symbol marking the point at which the formula box
detected the error.

Formula Node Functions and Operators

All function names must be lowercase. Table 20-1 shows the names of the
Formula Node functions.

Table 20-1. Formula Node Functions

Corresponding
Function G Function Name Description
absg) Absolute Value Returns the absolute valueof
acosk) Inverse Cosine Computes the inverse cosine of
xin radians.
acoshy) Inverse Hyperbolic Computes the inverse
Cosine hyperbolic cosine af in
radians.
asing) Inverse Sine Computes the inverse sineof
in radians.
asinh§) Inverse Hyperbolic Computes the inverse
Sine hyperbolic sine ok in radians.
atan) Inverse Tangent Computes the inverse tangent of
x in radians.
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Table 20-1. Formula Node Functions (Continued)

D

Corresponding
Function G Function Name Description
atanhy) Inverse Hyperbolic Computes the inverse
Tangent hyperbolic tangent of in

radians.

ceil(x) Round to +Infinity Roundsx to the next higher
integer (smallest int is greater
than or equal ta).

cosk) Cosine Computes the cosine gfin
radians.

coshg) Hyperbolic Cosine Computes the hyperbolic cosin
of x in radians.

cot(x) Cotangent Computes the cotangentxin
radians (1/tang).

csc) Cosecant Computes the cosecantoin
radians (1/sin)).

exp) Exponential Computes the value efraised
to thex power.

expm1k) Exponential (Arg) —1| Computes the value efraised
to thex power minus one
(e*-1).

floor(x) Round to —Infinity Truncatex to the next lower
integer (largest integer is
smaller than or equal &9.

getexpk) Mantissa & Exponent| Returns the exponent »f

getmany) Mantissa & Exponent| Returns the mantissa »f

int(x) Round To Nearest Rounds its argument to the

integer nearest even integer.

intrz(x) Round Toward 0 Roundsx to the nearest integer

betweernx and zero.

G Programming Reference Manual
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Table 20-1. Formula Node Functions (Continued)

Corresponding
Function G Function Name Description
In(x) Natural Logarithm Computes the natural logarithn
of x (to the base).
Inp1(x) Natural Logarithm Computes the natural logarithn
(Arg + 1) of (x + 1).
log(x) Logarithm Base 10 Computes the logarithm af
(to the base of 10).
log2(x) Logarithm Base 2 Computes the logarithm af
(to the base 2).
max,y) Max & Min Comparex andy and returns
the larger value.
min(x,y) Max & Min Comparex andy and returns
the smaller value.
modx,y) Quotient & Computes the remainder x/fy,
Remainder when the quotient is rounded
toward —Infinity.
rand() Random Number Produces a floating-point
(0-1) number between 0 and 1
exclusively.
remg,y) Remainder Computes the remainder xfy,
when the quotient is rounded to
the nearest integer.
seck) Secant Computes the secant of
radians (1/cos).
sign) Sign Returns 1 ifx is greater than 0,
returns 0 ifx is equal to 0, and
returns —1 ifx is less than 0.
sin(x) Sine Computes the sine afradians.
sinc() Sinc Computes the sine afdivided
by x radians (sin{)/x).
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Table 20-1. Formula Node Functions (Continued)

Corresponding

Function G Function Name Description

sinh(x) Hyperbolic Sine Computes the hyperbolic sine of
X in radians.

sqrt) Square Root Computes the square rootyof

tan(x) Tangent Computes the tangent »in
radians.

tanh) Hyperbolic Tangent | Computes the hyperbolic
tangent ok in radians.

XNy xY Computes the value afraised
to they power.

Formula Node Syntax

The Formula Node syntax is summarized below using Backus—Naur Form
(BNF) notation. Square brackets enclose optional items.

<assignlst> := <outputvar> = <aexpr> ; [ <assignist> ]
<aexpr>:=<expr> | <outputvar> = <aexpr>
<expr>:=<expr> <binaryoperator> <expr>

|<unaryoperator> <expr>

|<expr> ? <expr> : <expr>

|( <expr>)

|<inputvar>

|<outputvar>

|<const>

|<function> ( <arglist>)
<binaryoperator>:=+ |- |*|/|"]|!=| ==

|>|<|>=|<=|&&|||
<unaryoperator>:=+ | - | !
<arglist>:=<aexpr>[ , <arglist> ]

<const>:=pi | <number>
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The precedence of operators is as follows, from lowest to highest.

= assignment
?: conditional
I logical or
&& logical and

I= == inequality, equality

<><=>= other relational: less than, greater than,
less than or equal, greater than or equal

+— addition, subtraction

* | multiplication, division

+-1 unary: positive, negative, logical not
N exponentiation

Exponentiation and the assignment operator are right-associative (groups
right to left). All other binary operators are left-associative. The numeric
value of TRUE is 1 and FALSE is 0 (for output). The logical value of 0

is FALSE, and any nonzero number is TRUE. The logical value of the
conditional expression

<lexpr> ? <texpr>: <fexpr>

is <texpr> if the logical value oklexpr> is TRUE andkfexpr>
otherwise.
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Formula Node Errors

Table 20-2 lists errors detected by the Formula Node.

Table 20-2

. Formula Node Errors

Error Message

Error Message Meaning

syntax error

Misused operator, etc.

bad token

Unrecognized character.

output variable required

Cannot assign to an input variable.

missing output variable

Attempt to assign to a nonexistent
output variable.

missing variable

References a nonexistent input or
output variable.

too few arguments

Not enough arguments to a functiop.

too many arguments

Too many arguments to a function.

unterminated argument list

—

Formula ended before argument lig
close parenthesis seen.

missing left parenthesis

Function name not followed by
argument list.

missing right parenthesis

Formula ended before all matching
close parentheses seen.

missing colon

Improper use of conditional ternary|
operator.

missing semicolon

Formula statement not terminated Ly
a semicolon.

missing equals sign

Formula statement is not a proper
assignment.
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This chapter describes the mechanism for controlling VIs and applications
programmatically. This chapter also describes how to control VIs or
applications remotely.

G provides programmatic access to many of its features through the

VI Server. You can access these features from any ActiveX client on

the Windows 95/NT platforms. You also can access all the VI Server
capabilities, on all platforms, through some G-language functions. These
functions also make it possible to perform almost all VI Server operations
in a local version of BridgeVIEW or LabVIEW as well any remote version
across a TCP/IP network. See ttebVIEW User Manuabr BridgeVIEW
User Manualfor more information on ActiveX server and client
capabilities as well a®nline Referencein your software.

Using the VI Server

The following are some of the tasks you can accomplish using the
VI Server.

e You can dynamically load VIs into memory, rather than having them
statically linked into your application, and call them just like a normal
subVI call using VI server functions. This can be useful if you have a
large application and wish to save memory or startup time. By making
rarely used portions of your application, like a set of configuration
dialogs, load and run only on demand, you can reduce the memory
usage of your application as well as the amount of time it takes to load
your application into memory. When the user finishes the operations,
you can release the VIs and make the memory available again.

* You can control aspects of the user interface of a VI programmatically.
For instance you might want to dynamically determine the location of
a VI window, or scroll a panel so that a particular part of the panel is
visible, or close or open the panel window. All these properties of a
VI front panel are controllable through the VI Server.

e You can easily create a server application that exports functions that
can be called from BridgeVIEW or LabVIEW on the Internet. For
example, you might have a data acquisition application that acquires

© National Instruments Corporation 21-1 G Programming Reference Manual



Chapter 21

VI Server

and logs data at a remote site and you wish to sample that data
occasionally from your local machine. Through a simple preference
setting, you can make some VIs callable from across the Internet so
that transferring the latest data is as easy as a subVI call. The VI Server
takes care of all the networking details and makes it work no matter
what platform the client or the server are running on.

You can change properties of a VI programmatically and save those
changes to disk . For example, during development of your application
you might want VIs configured so that debugging is available,
run-time pop-up menus are available, scroll bars are visible and
windows are resizable. However, when you distribute your application,
you might wish to turn off these features, as well as ensure that certain
other properties are correctly set, such as whether a VI is reentrant,
what execution system the VI is set to run within, and the path to the
help file of a VI. All these properties can be programmatically set and
gueried via the VI Server, enabling you to write applications that edit
Vls, rather than going through the VI Setup dialog box for each and
every VI.

You can create a plug-in architecture for your application, to add
functionality to your application after it is distributed to customers.
For example, you might have a set of data filtering Vls, all of

which take the same parameters. By designing your application to
dynamically load these filters from a plug-in directory, you can ship
your application with a partial set of these filters and make more
filtering options available to users by simply placing the new filtering
Vls in the plug-in directory.

VI Server Capabilities

G Programming Reference Manual

You access VI Server functionality through references to two main classes
of objects: the Application object and the VI object. Once you create a
reference to one of these objects, you can pass it to a function that operates
on the object. When you are finished with it, you close the reference. This
programming convention is similar to File I/O and network references.

An important aspect of both Application and VI references is their network
transparency. This means you can open references to objects on remote
machines in the same way you open references to those objects on your
own machine. After you open a reference to a remote object, you can
treat it in exactly the same way as a local object, with a few restrictions.
For operations on a remote object, the VI Server takes care of sending the
information about the operation across the network and sending the results

21-2 © MNational Instruments Corporation



Chapter 21 VI Server

back. Your program looks virtually identical regardless of whether the
operation is remote or local.

With a reference to a G application, you can obtain information about the
G environment, such as what platform your application is running on, or
the version of BridgeVIEW or LabVIEW, or the list of all ViIs currently in
memory. You can also set information such as the current user name, or the
list of VIs exported to other applications.

When you have a reference to a VI, you load it into memory. Once you have
the reference, the VI stays in memory until you close the reference. There
is the possibility multiple references to a VI might be open at the same time.
In that case, the VI stays in memory until all references to the VI are closed.
With a reference to a VI, you can get and set all the properties of the VI
available inVI Setup, as well as dynamic properties, such as front panel
window position. You can also programmatically print the VI, save it to
another location, and export and import its strings for translation purposes.

Application and VI References

In most applications, you create a reference to a VI by using the Open
Application Reference function and the Open VI Reference function
respectively. If you want to display the reference on the front panel, select
Path & Refnum from theControls palette. Choose the Application or

VI Refnum. The data type of this refnum is displayed as an Application
Refnum by default. If you want to change to a VI Refnum, pop up on the
refnum and choosBelect VI Server Class»Virtual Instrument

&pplication B efrum | Befrum

Lo

B
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Using the Prop

erty and Invoke Nodes

with Application and VI References

Many of the available operations on Application and VI references are only
available through the Property and Invoke nodes. These nodes are similar
in that they both have two inputs and two outputs at the top of the node, and
a variable list of inputs and outputs below that.

| reference &L o TEE—dup reference  reference dup reference
eFror in kno error ) ===i? [H e ertror in (no errar) ! errar ot
narne 1 »— attribute 1 [—ratutt walue
attribute 2—p  name 2 H ifput1 — outpuat 1
& gpaiiviang ¥ optional autputs
Property Node Invoke Node

G Programming Reference Manua

Referenceis an Application or VI reference andip referenceis a

copy of reference used to pass the value to other functors.in

is the standard error cluster, which contains whether an error occurred,
the code of the error, and a description of the error. If an error exists in
error in, then the node does nothing and simply passes the error through
to error out. Otherwise, if an error occurs during the operation of the
node,error out contains information about the error.

Both nodes are polymorphic with respect to the reference input. When
you wire an Application or VI refnum to this input, the node automatically
adapts to that data type and makes available only those operations
applicable to that type.

With the Property node you can get (read) and set (write) various properties
on an application or VI. You can select the properties from the node pop-up
menu by simply clicking a property terminal with the Operating tool, or pop
up on the terminal.
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Click with Operating Tool Pop up with any tool
5 = &pplication b 5 =% Application §
Property i Property Y
Application » (1 pfirve HElm
Operating System  » Dezcription...
Frinting » Shiow 3
Server » Replace 3

[EHianae Tioitite |

Application »
Add Element Operating System b
HemayeE Emert Printing »
Server »

[ereste [Earetant

[ereate artna]

[Ereate ndicatar

Select Wl Server Clags »
Select WISA Class 3
Select ActiveX Clazs #
I ame Format 3

You can get or set multiple properties using a single node. As you enlarge
a Property Node, new terminals are added.

b =< Yirtual Instrument g 1 =€ Wirtual Instrument Ei & =< Virtual Instument 2
Drezcriptian ! | Dreszcription " Drescription ’

| i b arrie '

o ! Fath '

In one Property Node, you can read and write properties, as shown in the
following illustration. The properties in which you read are designated by

a small direction arrow on the right, while the properties you write to have

a small direction arrow on the left. You choose to read or write properties

by selectingChange to Reador Change to Write in the pop-up menu.

E =% Virkual [nstrurnent E
y Dreszcription
M ame ,
Fath ,

The node executes from top to bottom. If an error occurs midway down the
node, the remaining properties are ignored and an error is returned. The
error string contains information about which property caused the failure.
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With the Invoke Node you can perform actions, or methods, on an
application or a VI. Unlike the Property node, a single Invoke node
executes only a single method on an application or VI. You access the
available methods by clicking the method terminal with the Operating tool,
or popping up on the terminal, which is the same as the Property Node.

B b irtual Instrument '!3_,
Method ¥

5 " Virtual Instrument 3
Method

Abort Online Help
Export %] Strings Description...
Get Contral Walue Show »
Get Panel Image Feplace »
|mpart %1 Strings
Make Current ¥ alues Drefault Abort
Print %1 To HTML Export Wl Stiings
Prirt %1 Ta Printer [Ereate [Comstart Get Contral Walue
Print*%1 Ta RTF Create Cortrol Get Panel Image
Print 1 To Test [Ereate |pdicator Import VI Stings
Reinitizlize &1 To Default Select ¥l Server Clazs » Make Current Values Default
Rewert Select VISA Clazz 3 Print W1 To HTML
Run Select Active¥ Class B Print W1 To Printer
Save Instrument Mame Farmat » Frint%| To RTF
Set Contral Yalus Frint %l To Text
Reinitizlize All To Default
Renvert
Run
Save |nstument
Set Control Walue

The name of the method is always the first terminal in the list of
parameters. If the function returns a value, that result is the value of
the method terminal. For example, a value is returned by the method
Get Control Value. Otherwise, the method terminal has no value, like
Print VI To HTML .

B " Virtual Instiument | B " Wirtual Instrument |
Get Control Value v Print 1 Ta HTML
v Cartral M arme v HTHL File Path
Tupe Descriptar ' Append?
' Format
v Image Format
v Image Depth
v Image Directory

The Invoke node lists the parameters top to bottom with the optional
parameters in gray at the bottom. In the previous illustratidiL File
Pathis a required parameter, wheréqgpend?, Format, Image Format,
Image Depth andimage Directory are optional parameters.
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Example of VI and Application Class
Properties and Methods

In the following sections, common VI and Application Class applications
are discussed. See thvamples\general\lviserver to explore other
applications where VI and Application Class properties and methods are
used.

Manipulating VI Class Properties and Methods

You can set or get properties on a VI independent of performing methods
on a VI. In some applications you want to do both, access VI properties and
perform a method on a VI. In the following diagram, the front panel objects
in a VI are reinitialized to their default values then the front panel is opened,
displaying those default values.

i path

Open | Reference

Close Application
o Wl Reference

BH Invoke Node Froperty Mode] w5 Tonor ool
0= B Virtual Instrument | B = Wirtual Instrument | 2 e
Reinitialize &l To Default * Front Panel.Open

© National Instruments Corporation

Before accessing properties and methods on a VI, you must create a
reference to that VI by executing Open VI Reference. To invoke a
method on a VI, use the Invoke Node. Once the wire is connected from
Open VI Reference to the Invoke Node, you can access all the VI Class
methods. You can also pop up on the node and cl®eiset VI Server
Class»Virtual Instrument to gain access to the VI Class methods.

pTt—" B
2™ APE° (iine Help
M2 pescription. .

Show »

Replace »

tethods »

[Lreate Corstatt
Lreate Contral
[Ereate Indizator

2R A ¢ Application
Select VISA Class 3 Wirtual Instrument
Select Active Clazz » Shictly Temed Wiz b
tame Format L
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The Property Node operates in a similar way to the Invoke Node. Once you
wire a VI reference to the Property Node, you can access all the VI Class

properties. Also, you can pop up on the node and ctioelset VI Server
Class»Virtual Instrument.

To set property values, make sure the arrow is on the left-hand side by
popping up and selecting Change to Write. Always check for the possibility
of errors. The Invoke and Property Node does not execute if an error occurs
before it executes. If the error occurs in one of those nodes, the property or
method where the error occurred is noted in the error message.

Manipulating Application Class Properties and Methods

You can set or get properties on a local or remote LabVIEW independent
of performing methods on LabVIEW. In the following diagram, the Vs

in memory on a local machine are displayed on the front panel in a string
array.

O pen dpplication Close Application
Feference or /] Reference

% Property Mode #1/10
s & = application 5 cT

App &ltvls E' oA

[abe]

If you want to find the VIs in memory on a remote machine, wire a

string control to the machine name input and enter the machine numeric
IP address or domain name, as shown in the following illustration. You also
must change the property Exported VIs in Memory since the property

All VIs in Memory used in the previous illustration only applies to local
versions of LabVIEW and BridgeVIEW.

- Open Application Cloze Application
Feference or | Reference

abc ™ | [Property Node] #ifi
o= 5 = Application p ce

App.Erportedyls "'"EMA Exportedyls
[abe]

Always check for the possibility of errors. The Property Node does not
execute if an error occurs before it executes. If the error occurs in the

Property node, the property where the error occurred is noted in the error
message.
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Manipulating VI and Application Class
Properties and Methods

You can use VI Class and Application Class properties and methods
separately. In some applications, you must access properties and methods
from both classes. In the following block diagram, the VIs in memory on a
local machine are determined and the path to each of these Vls is displayed
on the front panel. To find all the VIs in memory, you must access an
Application Class property. To determine the paths to each of these Vis,
you must access a VI Class property. The number of VIs in memory
determines the number of times the For Loop executes. Open VI Reference
and Close VI Reference need to be inside the For Loop because you need a
VI reference for each VI in memory. It is best not to close the Application
reference until all the VI paths are gathered.

Open Application
Reference

|

Cloze Application
or Y| Refershce

) lerror oul
CZn [Froperty Mode] 0 pen vl Cloze Application ce ||
o ||} =t Application § Fieference o | Reference

Appalilz 1l B[ 1 [PropetyNodel [ s
LE" 07 ||} =t Virtual Instrument Bl |e™E E
Path Y

] Pathsz to all
| [=~=1 [l5 in Memor
|

Strictly-Typed VI Refnums

Strictly-typed refnums need only be used in applications where you
dynamically call a VI. In these applications there are two different
situations in which they are used. The first and perhaps most typical is
when you wish to pass a strictly-typed VI reference into a subVl as a
parameter. In this case, you connect the strictly-typed VI refnum control
to the connector pane of the VI and wire the refnum terminal to the input
of a Call By Reference node. The value of the refnum is used in this case
to determine which VI is called.

The second situation occurs when you wire a strictly-typed VI refnum to
the type specifier input of the Open VI Reference function. In this case the
value of the control is ignoredonly the type of the refnum is used by this
function. Itis used to determine whether the VI that is opened has the same
connector pane as that of the strictly-typed VI refnum.
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To create a strictly-typed refnum, drop a VI refnum on the front panel by
selectingControls»Path & Refnum»Application or VI Refnum. Pop up
and choos&elect VI Server Class»Browse.. TheChoose VI to open
dialog box appears prompting you for a VI.

Strictly-typed Y| Refnum|

[0

Remember even though you specify a VI for strictly-typed refnums,

it only stores the connector pane information. That is, no permanent
association is made between the refnum and the VI. In particular, do not
confuse selecting the VI connector pane with getting a reference to the
selected VI. You specify a particular VI through theath input on the
Open VI Reference function.

After you select connector panes for strictly-typed refnums, the
connector pane is retained in the VI refn8elect VI Server Class»
Strictly-Typed VIs submenu. If you exit BridgeVIEW or LabVIEW, these
connector pane selections are not retained the next time you launch the
application.

Example of Strictly-Typed VI Refnums

The only application where you use strictly-typed VI refnums is
dynamically calling a VI. The following block diagram shows an example.

S trictly-typed VI

= m‘
i path Call By Reference Mode or V| Reference
as) T 53/

o | [ L

Open Wl Reference) .

Eutracted Mumbers
! [s6L]
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Once you wirevi path andstrictly-typed VI to the Open VI Reference
function, you can connect the Open VI Reference function to the Call By
Reference Node. The connector pane is automatically displayed in the
Call By Reference Node. Then you can wire any input values and output
displays to the connector pane. The Call By Reference Node calls the VI
specified by the VI reference input, using any input values specified. This
node is helpful if you do not want to load all subVIs into memory at once.

© National Instruments Corporation 21-11 G Programming Reference Manual



Attribute Nodes

This chapter describes how to use attribute nodes to set and read attributes
of front panel controls programmatically. Some useful attributes include
display colors, control visibility, menu strings for a ring control, graph or
chart plot colors, and graph cursors.

Creating Attribute Nodes

You create an attribute node by selectingCheate»Attribute Node item
from the pop-up menu of a front panel control or from the terminal of the
control.

0.00

Change to Indicataor
Synchronous Display

Find b
Shiow »
Data Operations b

b

Create T@?@?@%i
Key Mavigation... Local 'V ariable

Replace 3

Representation  »
Data Range...
Farrmat & Precision...

Change to Indicatar
Hide Contral
Fitd Cortral
Show »

Data Operations  »

| Local ariable |

Representation
Create Constant
Create Contral
Create Indicatar
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Attribute Nodes

Selecting this item creates a new node on the diagram located near the
terminal for the control, as shown in the following illustration. If the control
has a label associated with it, the label for the control is used for the initial
label of the attribute node. You can change the label after the node is
created.

tem
izible

If you pop up on an attribute terminal, and then ch&dect Iltem you see

a menu of attributes you can write to or read from the control, as shown in
the following illustration. You can use a shortcut to the list of attributes by
clicking the attribute node with the Operating tool.

|"v"isil:|le'

Change All Tawiite

Find 3
Online Help

D ezcriphioh. ..

Show 3
Feplace 3

Change To'wite

m o Visible
Add Elernent Dizabled

Rermowve Element K.ey Focuz
Create Conhztant Blinking
Create Control Pozitian ]
Create Indicator Bounds »
Show Full Hames Caption

Caption Yisible

T ext 'wdth

Farmat & Precizion
Murneric: Text Calarz  #

You choose to read or to write attributes by selecting either the
Change to Reador Change to Write item from the attribute node
pop-up menu, as shown in the illustration that follows.

You can write an attribute when the small direction arrow is located on the
left side of the terminal. You can read an attribute when the arrow is located
on the right side of the terminal.
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Item%
Wizible

ci2

Change &ll To Read
Find 3
Online Help
Descriptior...

Show 3
direction arrow Feplace 3

g Select [tem 2

Add Element
Eemayve Blement
Create Conztant
Create Control
Create |ndicataor
Show Full Names

You can read or write more than one attribute with the same node by
enlarging the attribute node. New terminals are added as the node enlarges.
The execution order of an attribute node is from top to bottom.

termp
il
[izible ] iizible v Wigible
| : * Dizabled
:_ o Eew Focus
* Blinking
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You associate a terminal with a given attribute by clicking the terminal
with the Operating tool and selecting an attribute from the attribute node
pop-up menu.

temp
* Mizible
* Digabled
riey Focus -
" EBlirking | Ysible
Dizabled
m‘ Blinking g
Yisible | Position b
Dizabled ¢ Bounds b
Fey Focus|  Caption
Blinking Y|  Caphion Vizsible
T et Width
Format & Precizion  #
Murneric Text Colorz  »

You can create more than one attribute node by cloning an existing node, or
by selecting th€reate»Attribute Node item again. To clone an existing
node, click that node and drag it with the Positioning tool while holding
down the<Ctrl> (Windows); <option> (Macintosh); <meta> (Sun); or

<Alt> (HP-UX) key. However, if you copy and paste an attribute node

using theEdit menu commands, a new copy of both the attribute node

and the control to which it refers is made.
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Each copy of an attribute node can independently have attribute terminals
for reading or writing.

|temE|
ternp temp
]
Yizible il(b Yizible
I Dizabled Dizabled j
Key Focus i Key Focus j
JFormat & Precision| |JFormat & Precision
I Forrnat j Forrnat
j Precision j Precizion

The attributes for a cluster and for a numeric control inside the cluster are
shown in the following illustration.

c]uster‘l

Pizible
< lisible
—— Disabled
Key Focus

Jizible
+ lisible
Disabled
Key Focus
Format & Precision 4
Text Colors 4

© National Instruments Corporation 22-5 G Programming Reference Manual



Chapter 22 Attribute Nodes

Some controls, such as the graph, have a large number of attributes you can
read or set. Some of these attributes are grouped into categories and listed
in submenus, such as thermat & Precision category for a numeric

control. You can choose to set all of the attributes at once by selecting the
All Elements item of the submenu. You also can set one or more of the
elements individually by selecting the specific attribute(s).Hdrenat &
Precisionitem on a numeric control is shown in the following illustration

as an example.

numer’icl
Jrizibla

—|+ Uisible
Disabled
kKey Focus
All Elements Format & Precision
Text Colors J
Format
Precision

After you create an attribute node, ffiad Control andFind Terminal

items of the terminal and control pop-up menus change to submenus that
help you find attribute nodes. In the same way, the attribute node has
options to find the control and the terminal it is associated with.

Seeexamples\general\attribute Jlb  for an example of how to use
an attribute node.

Using Attribute Node Help

The Help Window an@®nline ReferencéHelp menu) are invaluable tools

for using attribute nodes. You can use them to find descriptions, data types,
and acceptable values for attributes. For more information, refer to the
Attribute Helpsection in Chapter 1ntroduction to G Programming
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Base Attributes

There are many attributes available for modifying the various front

panel objects in your application. This section discusses Visible, Disable,
Key Focus, Blinking, Position, and Bounds attributes, which are common
to nearly all front panel objects.

Visible Attribute

]

You can read or write the visibility of a front panel object with the
Visible Attribute. The associated object is visible when TRUE, hidden
when FALSE.

In the following illustration, the digital control is set to an invisible state.
A Boolean TRUE value makes the control visible again, as shown.

Block Diagram Front Panel

— P Visible = TRUE

digital contral

digital contral

=\ E

Visible = FALSE

© National Instruments Corporation 22-7 G Programming Reference Manual



Chapter 22 Attribute Nodes

Disabled Attribute

You can control whether a user has access to an object, by implementing
the Disabled Attribute. A value of zero enables an object so that the user
can operate it. A value of one disables the object, preventing operation.
A value of two disables and grays out the object.

You can disable user access to a digital control. The control does not change
appearance when disabled in the first example. In the second example, the
user access to the digital control is disabled and grayed out.

digital control

— Key Focus Attribute

With the Key Focus Attribute, you can make a control the key focus or
check to see if it currently has the focus. A key focus control behaves as
though you tabbed to that control to make it active. On most controls, you
can enter values into the control by typing them with the keyboard. You
also can set the key focus on the front panel by pressing tihe key

while in run mode or by pressing the hot key associated with the control
(assigned by using theey Navigation item).

You can make a digital control the key focus. Then you can enter a new
value in the control without selecting it with the mouse.

|-:|igita| n:u:nntru:nl|
R |
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Blinking Attribute
[ ]

neing By using the Blinking Attribute, you can read or set the blink status of an
object. If you set this attribute to TRUE, a front panel object blinks. The
blink rate and colors are set in tAeeferencesdialog box. When you set

this attribute to FALSE, the object stops blinking.

In the following illustration, the front panel indicator is set to blinking.

Block Diagram Front Panel: Normal Front Panel: Blinking

digital contral

digital contral digital contral

oy [ Iﬁ‘ - -
[E—] Position Attribute

You can set or read the position of the upper left corner of an object on the
front panel with the Position Attribute. The position is determined in units
of pixels relative to the origin of the Panel window, which is initially the
top left corner of the window. It might be somewhere else if you have
scrolled the window. This attribute consists of a cluster of two unsigned

[— long integers. The first item in the cluster (Left) is the location of the left
f_eft edge of the control, and the second item in the cluster (Top) is the location
Top of the top edge of the control relative to the origin of the Panel window.

By executing or using the Position attribute node, the digital control
changes its location on the front panel in the following illustration.

digital contral

- digital contral

- digital contral
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| ——

[—]
Width »

Height »

Bounds Attribute (Read Only)

The Bounds Attribute reads the boundary of an object on the front panel in
units of pixels. The value includes the control and all of its parts, including
the label, legend, scale, and so on. This attribute consists of a cluster of two
unsigned long integers. The first item in the cluster (Width) is the width of
objects in pixels, and the second item in the cluster (Height) is the height of
the object in pixels.

The Bounds Attribute is@ad-onlyattribute. It doesotresize a control or
indicator on the front panel. Most objects have other attributes for resizing,
such as the Plot Area Size attribute for Graphs and Charts. This attribute
is useful when you must read the overall size of a control, including all
optional parts, so you can position other controls in relation to the control
with which you are working.

You can determine the bounds of the digital control, as shown in the
following illustration.

digital control

El:uunl:ls'|

Unbundle By Nare] idlth] Wwidth
"width [m3z]| Height| digital contrall 10 |
i [u=z] 4000
Height ! .00 —

(I

Examples of Attributes Specific to Controls or Indicators

[—
vAchive Plat
¢ Plat Color

In the following sections, you can learn about common applications of
attribute nodes. See theneral  directory to explore other uses of the
attribute node.

Changing Plot Color on a Chart

The attributes shown at left set or read the active plot (the trace for which
subsequent trace-specific attributes are set or read) and the plot color for the
active plot. Active Plot is an integer indicating which plot in a multi-plot
chart you want active. Plot Color is an integer representing the desired
color. You can access the Plot Color by seledfilg Info»Plot Color

from the attribute list.

This attribute node changes the plot color of the plot specified by the
Active Plot attribute. In the following example, the color of the random
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number plot changes color when the values go above a limit set by the user.
Notice the active plot is specified before the plot color is changed.

MFalse

Chart]

rActive Plot
*Plot Color

Enable
a

sStings [] Setting the Strings of a Boolean Attribute

This Boolean attribute sets or reads the labels on a Boolean control.
The input is an array of up to four strings that correspond to the False,
True, True Tracking, and False Tracking states.

* True and False: On and Off states of the Boolean.

e True and False Tracking: Temporary transition levels between the
Boolean states. True Tracking is the transition when the Boolean is
changed from True to False. False Tracking is the transition from
False to True when the Boolean attribute is changed.The tracking
applies only to Booleans with Switched When Released and Latch
When Released mechanical action. These mechanical actions have
a transitional state until you release the mouse. The text strings True
Tracking and False Tracking are displayed during the transitional state.

You can set the display strings for Boolean controls to the string choices
Stop, Run, andStop?andRun?.

Setting the Strings of Ring Controls

The ring control is a pop-up menu control that holds the numeric value of
the currently selected item. You can use it to present the user with a list of
options. If the options cannot be determined until run time, you can use the
attribute node to set the options. See ChapterigBand Ring Controls

and Indicators for more information about ring controls.
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In the following example, the user is presented a panel with a ring control
displaying a list of tests. The user selects a test and clicks#uoaite Test
button to continue.

select a test

The block diagram shown in the following illustration reads a list of valid
tests from a file and passes the list, represented as an array of strings, to an
attribute node for the ring control. The diagram then loops, waiting for the
user to click thé&xecute Testbutton. This gives the user a chance to select

a test from the ring control, or to fill in information for other controls. When
the user selects a test, the string corresponding to the numeric value of the
ring control is read and then passed to a VI that executes the test.

Select a Test
[ Strings []
proad b S g []
Fead Enec
Tests Test

Using a Double-Clicked Listhox Item

The Double-Click attribute is a read-only attribute specific to listboxes.
This attribute indicates which item from the listbox on the front panel
you double-clicked. The value of the Double-Click attribute is set when
you double-click an item or presgnter> (Windows or UNIX) or
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<Return> (Macintosh andSun) after you select an item. The double-click
value is -1 if nothing is double-clicked. It is reset to —1 after it is read using
the attribute node. It also is reset to -1 if you select a different item, or if
you set any of the other attributes.

The following illustration is an example of how to use the Double-Click
attribute node to determine what test to execute.

| —
Fead Enec
Tests Test

| —
Double-Click |z
Erecute Test ED’

The loop stops when you click the Execute Test button or when you
double-click an item, in which case the double-click attribute returns the
item number instead of —1.

Selectively Presenting Users with Options

As users make selections, you might want to present them with other
options. There are three possibilities.

1. One option is to use pop-up subVIs. You can create subVIs with the
options you want to present to the user. By usingstiev Front
Panel when CalledandClose Afterwards if Originally Closed
items ofVI Setup»Execution Optionswhen you create your subViI,
you can have one of these subVIs open when called.

2. Another method for presenting options is to usevtkible  option
of attribute nodes to selectively show and hide controls.

3. The third method for presenting options is to us®tésbled option
of attribute nodes to disable controls selectively. When a control is
disabled, the user cannot change the value.
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Reading Graph Cursors Programmatically

You can use attributes to access information from one plot on a multi-plot
graph, or one thumb on a multi-thumb slide, but you must indicate which
item is being operated on. The multiple cursors on a graph are a good

example of an attribute that must be activated before it can be accessed
from the diagram.

The following block diagram shows a VI that displays data in a graph and
programmatically reads the position of graph cursors.

Graph
[DEL]

[Araph Attributes

r Achive Curgor
Cursor Position® Cursor Delta

v Active Curgor

Daka—

Curzor Pozition®

=43¢ [in

Working through a While Loop, the VI first activates the Min Value

cursor, and reads its numerical value. Next, the VI activates and reads the
Max Value Cursor. Then the VI calculates and displays information about

the cursor selection on the front panel. When you press the Confirm button,
the VI exits the loop and confirms the cursor positions.

See the examples @xamples\general\graphs\zoom.llb for an
application of programmatically reading graph cursors.
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Global and Local Variables

This chapter describes how to define and use global and local variables.
Use global variables to access a particular set of values easily from
multiple VIs. Local variables serve a similar purpose within a single VI.

Global and local variables are advanced G concepts. Be sure to study this
chapter carefully before using them.

For examples of how to use global and local variables, see
examples\general\globals b and
examples\general\locals b .

Global Variables

A global variable is a built-in G object. When you create a global variable
a special kind of VI is automatically created. You add front panel controls
to this VI that define the data types of the global variables it contains.

There are two ways to create multiple global variables. You can create
several VIs, each with one item, or create one multiple global VI by
defining multiple front panel controls on the one global variable front
panel. The multiple global VI approach is more efficient, because you
group related variables together.

You can create a global variable by selecting the global vafiatethe
Functions»Structurespalette and placing it on the diagram.

Structures
Global Yariable

:
gmmﬂ k
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A node for the global variable appears on the block diagram.
global node Double-click the node to open its front pa_nel. You use this panel to define
the data types for one or more global variables.
Note Assign a name (label) to each control, because you must refer to a specific global
variable by name. After you define the data types for the global variables, save
the global VI.

The following illustration is an example front panel describing three global
variables—a number, a string, and a cluster containing two values.

Global 4
&
@ | apt Application Font TI L d I 4
data
:
"

After you place a global variable on a block diagram and define a front
panel for it, the node is associated with that front panel. Because a single
global variable VI can define multiple global variables, you must select
which global you want to access from a particular node. Select a global
variable by popping up on the node and selecting the item by name from
theSelect ltemmenu as shown in the following illustration. Or, click the
node with the Operating tool and select the item you want.
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Ly
|:|—_| Change To Read Global

¥

r number
string

data

selectltem ~7
Find

Cinline Help
Diescription...
Shioy
Feplace

Create CdAnstant
Creap Control
Crgte Indicatar
elink To Subt
Cpen Frant Panel
Show | Hierarchy

You either can write to a global variable or read from a global variable.
Writing to a global variable means the value of the global changes; reading
from a global means you access the global as a data source. If you want to

write to or read from a global, select theange to Write Global or the
Change to Read Globaltem of the global variable pop-up menu.

Global variables can be written and read by any VI in memory. It is

important to know where all the readers and writers in your application are,
so that a global variable is not unexpectedly changed. G programs can have
many activities going on at once, and it might not always be an easy thing
to know when a global is accessed from various parallel diagrams. This
problem with competing accesses to a shared resource like a global variable
becomes even more pronounced in multithreaded software. There are many
legitimate uses for global variables but indiscriminate use of them can lead

to some difficult to debug situations. Use them carefully.

After you save a global variable VI, you can place its globals in other
VIs usingFunctions»Select a VI... If you select a global variable VI

from the file dialog box, G places the global variable node on the diagram.

You also can clone, copy and paste, or drag-copy a global from the
Hierarchy window.
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Global and Local Variables

Local Variables

Note

G Programming Reference Manual

With a local variable you can write or read one of the controls or indicators
on the front panel of your VI. Writing to a local variable has the same result
as passing data to a terminal, except that you can write to it even though
itis a control, or read from it even though it is an indicator. Also, you can
have any number of local variable references to a particular front panel
control, with some in write mode, and others in read mode.

In effect, with a local variable reference you can use a front panel control
as both an input and an output.

You must make sure the label you choose for your local variable associates with a

front panel object. If your local variable does not associate with a front panel
object, it does not work.

LOCHL

local variable
icon

local variable
node

The easiest way to create a local variable is to pop up on the front panel
control or terminal and seleCreate»Local Variable. A local variable
appears automatically on the block diagram. Another way to create a local
is to select the local variable frafunctions»Structures shown below.

Structures

Local Yariable

CICTJE
-

A node that looks similar to a global variable appears. You can pop up on
the node, or click it with the Operating tool to select the control you want
to read or set from a list of the top-level front panel controls, as shown in
the following illustration. You also can determine whether you want to
write to or read from the control by selecting either@hange to Write

Local or theChange to Read Localtems.
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ear |m-:-nth| |d_ali|

EE

Change To Read Local |

Select ltem age

Show P year

Description... month
........ Replace . | 08U

Fabink i Sabhi
Open Front Panel

The following illustration shows how multiple local variables access the
same control, each having a different sense, either read or write. You use
theage variable twice in the diagram, once to write to, and another time to
read from.

| ge-| |"".'."r'ite" to age|
[ age |

=)
)
Ei
/1]

|"Eead" frramm age| current age|

[age | ——1CoEL]

Be careful to sequence the access to local variables or global variables
to produce the results you want, as in the preceding example. There is
no guarantee thé&vrite” to age occurs before th&Read” from age

if you do not create the proper sequencing yourself.
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Part IV

Advanced Topics

This section contains information about advanced G features and
techniques you can use to create virtual instruments.

Part IV,Advanced G Topi¢gontains the following chapters.

Chapter 24Custom Controls and Type Definitigristroduces
custom controls and type definitions.

Chapter 25Calling Code from Other Languagedescribes various
methods of calling code written in other languages.

Chapter 26Understanding the G Execution Systelascribes VI
multitasking and execution.

Chapter 27Managing Your Applicationglescribes how to manage
files in your G applications.

Chapter 28Performance Issuess in three sections. The first section
describes the Performance Profiler, a feature that shows you data about
execution time of your VIs and monitors single-threaded,
multithreaded, and multiprocessor applications. The second section
describes factors affecting run-time speed. The third section describes
factors affecting memory usage.

Chapter 29Portability and Localization Issuesescribes issues
related to transporting VIs between platforms and VI localization.



Custom Controls and
Type Definitions

This chapter introduces custom controls and type definitions.

You can customize a front panel control or indicator to make it better suited
for your application. For example, you might want to make a Boolean
switch that shows a closed valve when the switch is off and an open valve
when the switch is on, a slide control with its scale on the right side instead
of on the left, or a ring control with predefined text or picture items.

You can save a control or indicator you have customized in a directory or
VI library, just as you do with VIs. Then, you can use this control on other
front panels. You also can create an icon for your custom control, and have
the name and icon of the control appear inGbatrols palette.

If you require the same control in many places in your VIs, you can
create a master copy of that control, called a type definition. When you
make a change to the type definition, you automatically update all the
VIs that use it.

You can also use a customized control on a block diagram. This creates a
constant with the same data type as the control. If you use a type definition
on a block diagram, the resulting constant automatically updates when you
make a change to the type definition.

The following sections explain how to make these and other custom
alterations to controls.
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Custom Controls

Using the Control Editor

Make certain you are in edit mode to customize a control. On the front
panel, place a control most like the one you want to create. For example,
to create a slide with its scale on the right, start by placing any vertical slide
on the front panel.

With the Positioning tool, select the slide control and then choose
Edit»Edit Control... . This option is available only when you select a
control. You can edit only one control at a time from a front panel.

o : S
Edit Control

A window opens displaying a copy of the control. This window, shown
in the following illustration, is called the Control Editor, and it is titled
ControlN, which is the name assigned to the Control Editor window until
you save the control and assign it a permanent name.

Control 1 *
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The Control Editor window looks like a front panel, but it is used only for
editing and saving a single control; it has no block diagram and cannot run.

The Control Editor has an edit mode and a customize mode; the current
mode is indicated by a button in the toolbar, as shown to the left of this text.
The Control Editor is in edit mode when it first opens. In edit mode you
can change the size or color of a control, and select options from its pop-up
menu just as you do in edit mode of any front panel. In customize mode you
can change the parts of a control individually. Customize mode is described
in detail later in this chapter.

After you edit a control, you can use it in place of the original control on
the front panel you were building when you opened the Control Editor.
You also can save it to use on other front panels.

Applying Changes from a Custom Control

When you are ready to replace the original front panel control with your
new custom control, seleEtle»Apply Changesfrom the main menu of
the Control Editor.

F1I:M Edit Operate Pro

MNeLw EM
Open... 380
Close LW

Apply Changes

If your original front panel is the only place you use the custom control, you
can close the Control Editor window without saving the control. Be sure to
save the original VI with the custom control in place to preserve your work.
If you want to use the custom control on other front panels in the future,
you must save it as described in 8sving Custom Controtection of this
chapter.
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®

not-OK button

The Apply Changesoption is only available after you make changes to the
control.Apply Changesis disabled if there is no original control to update.
This happens when you delete or replace the original control, when you
close the original front panel, or when you open a custom control you saved
earlier by selectingile»Open

Valid Custom Controls

If the Control Editor has more than one control in it,rtbe OK button
appears. A valid custom control must be a single control, though it can be
a cluster of other controls. Tet-OK button appears temporarily while
you move controls in and out of a cluster or array. To see an explanation
for the error, click th@ot-OK button. If there is more than one control in
the Control Editor the error message reads:

Possible errors include having more than one control or having no controls.

Saving Custom Controls

If you want to use your custom control on other front panels, choose
File»Save as..from the main menu of the Control Editor. You save a
control the same way you save a VI, in a directory or in a VI library.
A directory or VI library contains controls, VIs, or both.

If you close the Control Editor window without saving your changes to the
control, a dialog box asks you if you want to save the control.

Using Custom Controls

When you save the custom control, you can use it on other front
panels by selectinGontrols»Select a Control...from the front panel

of any VI. You can also use it on block diagrams by selecting
Functions»Select a VI..from the block diagram of any VI. If you

use a custom control on a block diagram, you create a constant with
the same data type as the custom control.

For more information about adding a custom control to the Controls
palette, see th€ustomizing the Controls and Functions Palestestion
of Chapter 7Customizing Your Environment
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If you plan to add your control to tli&ontrols palette, or if the control is

a type definition, make an icon representing the control before you save
it. Double-click the icon square in the top right corner of the Control Editor
window or pop up on it and selg€tlit Icon... to create an icon for the
control. This icon represents the control in @antrols palette, and if

the control is a type definition, in the hierarchy window. Se€lthpe
Definitionssection in this chapter amdking the Hierarchy Windown
Chapter 3Using SubVIsfor more information.

Independent Instances of Custom Controls

You can open any custom control you saved by seleEtlagOpen
A custom control always opens in the Control Editor window.

Changes you make to a custom control when you open it do not affect Vis
using that control. When you use a custom control on a front panel, there is
no connection between that instance of the custom control and the file or

VI library where it is saved; each instance is a separate, independent copy.

You can, however, create a connection between control instances on various
VI front panels or block diagrams and the master copy of the control.

To do this, you must save the custom control as a type definition or a strict
type definition. Then, any changes you make to the master copy affect all
instances of the control in all the VIs that use it. Se@ythe Definitions
section later in this chapter for more information.
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Customize Mode Option

You can make more extensive changes to a control in the customize
mode of the Control Editor. Change between edit and customize mode by
clicking the mode button in the toolbar belonging to the Control Editor, or
by selectingChange to Customize Moder Change to Edit Modefrom
theOperate menu while the Control Editor is the active window, as shown
in the following illustrations.

Mode Buttons

& v

Edit Mode Customize Mode

roject “Windows Help

Eun Cirl+F
atop Crl+.

Erint at Completion

Log at Completion

Uata Logging k
muspend when Called

KMake Currentvalues Default
Reinitialize &l Ta Default

Change to Customize Mode  Cirl+M

Independent Parts

All controls are built from smaller parts. For example, a slide control
consists of a scale, a housing, a slider, the increment and decrement arrows,
a digital display, and a name label. The parts of a slide are pictured in the
following illustration.
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increment arrow

_1 ) A " ~f— name label
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housing

decrement arrow

A Slide Control

When you switch to customize mode in the Control Editor, the parts of your
control become independent. You can make changes to each part without
affecting any other part. For example, when you click and drag on the scale
of the slide with the Positioning tool, only the scale moves. You can select
parts and align or distribute them using Align Objects or Distribute
Objectsrings from the toolbar; or change their layering order by using the
Reorder ring from the toolbar. Customize mode shows all parts of the
control, including any hidden in edit mode, such as the name label or the
radix on a digital control.

Because the parts of a control are detached from each other, you cannot
operate or change the value of the control while in customize mode.
Notice the Operating tool is disabled. The Wiring tool is always disabled
in the Control Editor because you are not using the block diagram or
connecting controls to a connector pane.
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Control Editor Parts Window

To help you size and position control parts, séléctdows»Show Parts
Window. The floating window that appears identifies the parts of the
control and shows you the exact position and size of each part. The
Current Partdisplay in the Parts window displays a picture and the name
of the part currently selected in your Control Editor window. You can see
a menu of all the parts by clicking the current part display.

You also can scroll through the parts of the control by clicking the current
part display increment or decrement arrow. When you change the part
shown in the current part display, that part is selected on the control in the
Control Editor window. When you select, change, or pop up on another part
of the control in the Control Editor window, the part showing in the current
part display also changes.

The following illustration shows the Control Editor window on the left
overlaid by the Control Parts window on the right. The name label of the
slide is the current part, and is selected in the Control Editor window. The
Control Parts window shows the menu of parts you see when you click the
current part display. This example shows the name label is the current part,
but that you are about to change to the scale part.

= B! Control Parts x|
3! Control 1 Control * e ]
File Edt Operate Project Current Part
ICDntn:-I
— [ Scale |
~  Wertical Slide sl
1007 45 N o o
8.0-
2l i r . -
40- -
20- Mame Label =
no-= - =
Part Posgition and Dimensions
TUD|?4 Height|‘|5
Il Left |84 Width|54

The Control Parts window shows you the exact position and size of the
current part. These values are pixel values. When you move or resize a
part in the Control Editor, the position and size in the Parts window are
updated. You also can enter the position and size values directly in the
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Control Parts window to move or resize the part in the Control Editor.
This is useful when you must make two parts exactly the same size, or
align one part with another. In the preceding illustration, the Parts window
displays the position and size of name label of the-slittee upper left
corner of the label is at the pixel coordinates (74, 84), and the label is

15 pixels high by 64 pixels wide.

The Control Parts window disappears if you switch to some other window.
The Control Parts window reappears when you return to the Control Editor.

Customize Mode Pop-Up Menus for Different Parts

Cosmetic Parts

In customize mode, the pop-up menu for the control as a whole is replaced
by a pop-up menu for each part. When you pop up on a part, you see a menu
with some options available in edit mode, and some options available only
in customize mode. Different parts have different pop-up menus. There are
three basic types of parts you can customize.

» Cosmetic parts, such as the slide housing, slider, and the increment and
decrement arrows, are the most common. Cosmetic parts display a
picture.

» Text parts, such as the name label of the slide. Text parts consist of a
picture for the background (usually just a rectangle) and some text.

« Controls as parts, such as the numeric control used for the slide digital
display. Knobs, meters, and charts also use a numeric control for a
digital display. Some controls are even more complicated than that. For
example, the graph uses an array of clusters for its cursor display part.

The following sections describe the different parts and their pop-up options
in more detail.

A cosmetic part has no dynamic user interaction or indication. The
following illustration shows a pop-up menu for a cosmetic part, such as
a slide housing. To pop up on a cosmetic part, you must be in customize
mode. You must pop up on the part itself, not on the picture of the part in
the Control Parts window.

Copy to Clipboard
Irpart Picture
Irpart at Same Size
Rewvert

[ igirEl Size
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The following list describes the options available from the pop-up menu.

G Programming Reference Manual

Copy to Clipboard—Places a copy of the picture of the part on the
Clipboard. If you seledCopy to Clipboard for the slide housing,

the Clipboard contains a picture of a tall, narrow inset rectangle. This
Clipboard picture can be pasted onto any front panel or imported as
the picture for another part usitmport Picture . These pictures are
just like theDecorationsin theControls palette.

When you require simple shapes like the housing rectangle for other
parts, there are several advantages to using pictures copied from other
parts, instead of making them in a paint program. Pictures taken from
existing parts or decorations look better than pictures made in a paint
program when you change their size. For example, a rectangle drawn
in a paint program can only grow uniformly, enlarging its area but also
making its border thicker. A rectangle copied from a part like the slide
housing keeps the same thin border when resized.

Another advantage is built-in parts appear basically the same on both
color and black-and-white monitors.

In addition, you can color pictures taken from parts or decorations with
the Color tool. Pictures imported from another source keep the colors
they had when imported, because those colors are a part of the
definition of that picture.

Import Picture —Replaces the current picture of a cosmetic part
with the picture currently on the Clipboard. Use this option to
individually customize the appearance of your controls. For example,
you can import pictures of an open and closed valve for a Boolean
switch. If there is not a current picture on the Clipbobmngort

Picture is disabled.

There is a shortcut in the Control Editor for importing pictures into

a Boolean control. When you are in edit mode you can select
Import Picture»True or Import Picture»False from the pop-up

menu of a Boolean. Doing this imports the picture into both the
normal state and the corresponding transition state. See the section
Cosmetic Parts With More Than One Pictlater in this chapter for
more information on transition states.

You also can import different pictures for the transition states in
customize mode. To do this, first pop up on the button and use
Picture Item to change the third picture. With tlrue»Falsepicture
on the Clipboard, pop up again and selegtort Picture . Repeat
these steps for the fourtRglse»True)picture.
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* Import at Same Size—Replaces the current picture, but keeps the
original size of the part, shrinking or enlarging the Clipboard picture
to fit. If there is not a current picture on the Clipbodnaport at
Same Sizas disabled.

* Revert—Restores the part to its original appearaReert does not
change the position of the part. If you open the Control Editor window
by selectingedit Control from a front panel, the editor reverts the part
to the way it looks on that front panel. If you open the Control Editor
window by selectingrile»Open.., Revertis disabled.

» Original Size—Sets the picture of a part to its original size. This
is useful for pictures you import from other applications, and then
resize. Some of these pictures do not look as good as the original
when resized, and you might want to restore their original size to fix
them. If you do not import a pictur@riginal Size is disabled.

Cosmetic Parts with More than One Picture

Some cosmetic parts have more than one picture, which they display at
different times. These different pictures are all the same size and use the
same colors. For example, the increment arrow of the slide is a picture of a
triangle, normally displayed as raised slightly from the background. It also
has another picture, a recessed triangle, that appears while you are clicking
it with the Operating tool to increment the value of the slide. The following
illustration shows the two pictures of an increment arrow in action.

100> m.n—ﬁ'\ﬁ‘,

75— T.5-

5.0- S5.0- |
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2a- 2.5-
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A cosmetic part with more than one picture hastlcéure Item option on
its pop-up menu, as shown in the following illustration.

o

Copy to Clipboard
fargrerr ¥ Piniurg
frpmngyt 8% Same Rire
Revert
fhybabnal Yigey
Picture Item

Picture Item displays all the pictures belonging to a cosmetic part.

The picture item currently displayed has a dark border around it. When
you import a picture, you change only the current picture item. To import
a picture for one of the other picture items, first select that picture item and
then import the new picture.

Cosmetic Parts with Independent Pictures

A cosmetic part with more than one picture can have pictures of different
sizes, which each use different colors. The slide, for example, uses two
pictures of different sizes to show which slider is active on a multi-value
slide. The slide in the following example uses a bigger triangle to show the
middle slider is the active one.
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A Boolean switch also has more than one picture. Each picture can be
a different size and have different colors. A Boolean switch has four
different pictures—the first shows the false state; the second shows

the true state. You use the third and fourth pictures when you set the
mechanical action of a Boolean control to eitBaitch When Released

or Latch When Released

Until you release the mouse button, the value of the Boolean does not
change with these two mechanical actions. Between the time you click the
button and the time you release the click, the Boolean shows the third or
fourth picture as a transition state. The third picture is for the true to false
transition state, and the fourth is for the false to true transition state. In the
following illustration of a toggle switch, the third and fourth pictures are the
same, but this is not always the case.

A

1: False 2: True ZT—PF 4F—PT

= | &

When a cosmetic part can have different sized pictures, the part has the
Independent Sizeoption on its pop-up menu, as shown in the following
illustration.

<

Copy to Clipboard
Import Picture
Import at Same 5Size

Revert
Srighnad Sie

Picture l1tem 4

Independent Sizes

Independent Sizeds an option you can turn on only when you are in
customize mode if you want to move and resize each picture individually
without changing the other pictures of the cosmetic part. Normally, this
option is not checked; and, when you move or resize the current picture of
the cosmetic part, its other pictures also move the same amount or change
size proportionally.
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Text Parts

Atext partis a picture with some text. The pop-up menu for a text part, such
as a name label, has some items identical to those on the pop-up menu of a
cosmetic part. The other items on this menu are the same as the text pop-up
menu in front panel edit mode. An example pop-up menu for a text part is
shown in the following illustration.

=lide

Copy to Clipboard
Import Picture
Import at Same 5ize
Revert
friginad Yze

< 5i1Ze to Teut

Only the background picture for the text part is shown in the Parts window,
not the text itself. The background picture can be customized, not the text.

Controls as Parts

A control can include other controls as parts. A common example of this is
the digital display on a slide, knob, meter, or chart. There is no difference
between the digital display and the ordinary, front panel digital control,
except the digital display is serving as part of another control.

The digital display is also made up of parts. When you are editing the
original control in the Control Editor, the digital display behaves as a single
part, so you cannot change or move its parts individually. You can, however,
open the Control Editor for the digital display and customize it there.

To customize a control that is a part of another control, open the Control
Editor for it. You can open the Control Editor window for the part directly
from the original front panel, if it can be selected separately from the main
control in edit mode. The digital display can be selected separately from the
slide control, for example. Then, you can chogdé»Edit Control....

You always can open the Control Editor window for the part from the
Control Editor window of the main control, if it is in customize mode.
Select the part in the Control Editor and choédé»Edit Control... .

Control editors can be nested in this way indefinitely, but most controls
use other controls as parts only at the top level. An exception is the graph,
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which uses complicated controls as parts, which, in turn, use other
controls as parts.

You cannot open a second Control Editor window for the main control
already being customized.

The following illustration shows the Control Editor for the slide on the left,
and a Control Editor window for the digital display on the right. You do not
have to be in customize mode to open a nested Control Editor window
unless you are unable to select the control part in edit mode.
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Adding Cosmetic Parts to Custom Controls

When you are making a custom control in the Control Editor, you can make
even more changes to its appearance by adding cosmetic or text parts to it.

If you paste a picture or text from the Clipboard, create a label with the
Labeling tool, or select a picture frddontrols»Decorations that picture

or text becomes a part of your control and appears with the control when
you place it on a front panel. You can do this in either edit or customize
mode in the Control Editor. You can move, resize, or change the layering
order of the new part, just like any other part. Your addition appears as a
decoration part in the Control Parts window in customize mode.

You also can delete decoration parts when you are in the Control Editor.
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The following illustration shows a custom graph with decoration parts,
including theTitle of Graphlabel, theLegend:label, and the box around
the legend parts.
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When you use a custom control on other front panels, you can change the
size of any decoration parts you add, but you cannot move them.

Custom Control Caveats

There are some things you must be aware of when you make custom
controls.

« Pictures created on one platform look slightly different when loaded on
another platform (this applies to pictures imported into a Pict Ring or
used as background on any front panel as well). For example, a picture
with an irregular shape or a transparent background might have a solid
white background on another platform. SeeRh#ure Differences
section in Chapter 2®ortability and Localization Issues

« The Control Editor can change only the appearance of a control; it
cannot change the behavior of a control. This has two implications.

— You cannot change the way a control displays its data.

— You cannot change the way a control behaves when you edit it,
especially when you resize it.

For example, when you make a ring control taller, the increment
and decrement arrows also increase in height. If you move the
increment and decrement arrows so they are side by side at the
bottom of the ring, the ring continues to make them become taller
when it becomes taller, and you produce some strange results.
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« Custom controls often look correct, but occasionally behave oddly.
If you like the control the way you made it but are not pleased with its
irregular editing behavior, read about strict type definitions in the next
section,Type Definitionsto learn how editing can be restricted.

Type Definitions

A type definitionis a master copy of a control. You use the Control Editor
to create the master copy, or type definition. Type definitions are useful
when you use the same kind of control in many VIs. You can save the
control as a type definition, and use that type definition in all your Vls.
Then, if you change that control, you can update the single type definition
file instead of updating the control in every VI using it.

General Type Definition: Matching Data Types

A type definition forces the control data type to be the same everywhere
it is used. Use a type definition when you want to use a control of the
same data type in many places and when you might want to change that
data type automatically everywhere it is used. For example, suppose you
make a type definition from a double-precision digital control, and you
subsequently use that type definition in many different VIs. Later, you
change the type definition to a 16-bit integer digital control. When you
change the type definition, you automatically can update every VI using
that type definition. Only type definition instances you specifically set to
not auto-update do no automatically update. See the séiding Type
Definitionslater in this chapter for more information.

You also can make a type definition that is a cluster, such as a cluster of
two integers and a string. If you change that type definition to a cluster
of two integers and two strings, you can update the type definition
everywhere it is used.

As long as the data type matches the master copy, a type definition can have
a different name, description, default value, size, color, or even a different
style of control (for example, a knob instead of a slide).
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Strict Type Definition: Everything Must Match

A type definition also can force almasterythingabout the control to be
identical everywhere it is used, not just its data type but also its size, color,
and appearance. This is callestact type definition

The only aspects of a control that can be different from the master copy
of a strict type definition is the name, description, and default value.

As an example, suppose you make a strict type definition that is a
double-precision digital control with a red frame. Like the general type
definition, if you change the strict type definition to an integer, you
automatically update every VI using it. Unlike the general type definition,
however, other changes to the strict type definition, such as changing the
red frame color to blue, also requires VIs using the strict type definition to
be updated. Furthermore, you can not disable automatic updating for a
strict type-definition instance.

Note Many attribute nodes are not available for strict type definitions. The only
attributes available for strict type definitions are those affecting the appearance of
the control, such as Visible, Disabled, Key Focus, Blinking, Position and Bounds.

Type Definitions on the Block Diagram

When you use a type definition on a block diagram, it always has the
appearance of a constant, not a control or indicator. Therefore, an instance
of a strict type definition on a block diagram acts as an instance of a general
type definition. It only automatically updates when the data type of the
strict type-definition changes.

Creating Type Definitions

You make a type definition by setting the ring on the toolbar in a Control
Editor window, as shown in the following illustration. Set up the control the
way you want it, and chooggéle»Savein the Control Editor window.

bpt Application Font

Strict Type Def.

You can open any type definition you save by selediitepOpen...
A type definition always opens in a Control Editor window. Any changes
you make to a type definition affect all VIs using it.
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Using Type Definitions

Place general type definitions and strict type definitions on the front panel
or block diagram of a VI as with any custom control. You can edit and
operate a type definition on your front panel or block diagram as with any
other control or constant.

Note You cannot edit a strict type definition on your front panel except to change its
name, description, or default value.

You can tell a control is a type definition when you see the type definition
options in its pop-up menu, as shown in the following illustration. You can
recognize a strict type definition on your front panel or block diagram
because you cannot edit it, and most of its pop-up menu options are
missing.

Hodain from Tune Bad,
+ Auto-Update Type Def.
Disconnect from Type Def.

For each type definition you use on a front panel or block diagram, the
VI keeps a connection to the file or VI library in which it is saved. You
can see this connection in action if you place a type definition on a front
panel or block diagram and then select it and chd&eEdit Control... .

The Control Editor that opens is the type definition you saved, with the
name you gave it, instead of the generic Corirol

Updating Type Definitions

Your G development environment ensures the data type is the same
everywhere a type definition is used. It also ensures everything about a
strict type definition is the same in every front panel in which it is used.
You can automatically correct any general type definitions or strict type
definitions on your front panel, replacing incorrect ones on the front

panel with an exact copy saved in the file or VI library and ones on the
block diagram with a constant whose data type matches the control saved
in the file or VI library.

If you edit an instance of a type definition on your front panel extensively,
such as coloring and resizing it, you might not want this automatic update
feature. You can pop up on the type definition on your front panel and turn
off the Auto-Update from Type Def. option. Instead of automatically
updating this type definition when necessary, the VI has a broken-run
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arrow and the type definition on the front panel is disabled. You cannot
run the VI until you fix the type definition, either by selecting the option
Update from Type Def.from the pop-up menu, or by changing the data
type to match the type definition. TAato-Update from Type Def.option

is not available in the pop-up menu of a strict-type definition since it always
automatically updates.

When you use a type definition, you can assign it a different default value.
However, if the data type of the type definition changes, all default data
updates from the master copy sufficiently that the old default value cannot
be converted to the new data type, such as when replacing a numeric with
a string. Otherwise, the individual default values are preserved.

If you wire a type definition usin@reate Constant Create Control,
or Create Indicator, the type definition is updated from the master
copy. For more information o@reate Constant Create Control, or
Create Indicator, see Chapter 1Ttroduction to the Block Diagram

Searching for Type Definitions

Because a VI must keep a connection to each type definition, the file or
VI library containing the type definition must be available to run a VI using
it. If you open a VI, and if a type definition the VI needs is not found, the
instances of that type definition in the VI are disabled and the run arrow is
broken. To fix this problem, you must either find and open the correct type
definition, or pop up on the disabled instance and sBliscbnnect From

Type Def. Disconnecting from the type definition removes the restrictions
on the data type of the instance, making it into an ordinary control or
constant. You cannot re-establish that connection unless you find the
type definition and replace the control with it.

Cluster Type Definitions

If you use a type definition or strict type definition that is a cluster, it is a
good idea to use the Bundle By Name and Unbundle By Name functions
on the block diagram to access the elements of the cluster, instead of the
Bundle and Unbundle functions. These functions reference elements of the
cluster by name instead of by cluster order, and are not affected when you
reorder the elements or add new elements to the cluster type definition.

If you delete an element you are referencing in Bundle by Name or
Unbundle By Name, you must change your block diagram. Refer to the
description of these functions in Chapter A&ay and Cluster Controls

and Indicators for more information.
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This chapter describes various methods of calling code written in other
languages. These methods include using platform-specific protocols;
creating a Code Interface Node to call code written specifically to link
to VIs, and using a Call Library Function node to call Dynamic Link
Libraries (DLL files) in Windows, Code Fragments on the Macintosh,
and Shared Libraries on UNIX. An additional method is using the
LabWindows/CVI Function Panel converter to convert an instrument
driver written in LabWindows/CVI.

Executing Other Applications from within Your Vis

You can execute other applications from within your VIs. The methods
are different on Windows and UNIX than on the Macintosh.

(Windows, UNIX) You use System Exec to execute other applications
from within your VIs. You can use the simple System Exec VI from the
Functions»Communicationpalette to execute a command line from
your VI. The command line can include any parameters supported by
the application you plan to launch.

If you can access the application through TCP/IP (or DDE in Windows),
you might be able to pass data or commands to the application. See the
reference material for the application you plan to use to see the extent of
its communication capability. If you are a LabVIEW user, you also can
refer to Chapter 2Qntroduction to Communicatiorand Chapter 21,

TCP and UDPin theLabVIEW User Manualfor more information

on techniques for using networking VIs to transfer information to

other applications.
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(Macintosh) You use Apple Event VIs to execute other applications from
within your VIs. Apple Events are a Macintosh-specific protocol through
which applications communicate with each other. They can be used to send
commands between applications. You also can use them to launch other
applications. If you are a LabVIEW user, see Chaptef€F, and UDP

in the LabVIEW User Manuafor details of different methods for using
Apple Event Vs in G to launch and control other applications.

Using the Call Library Function

You can call most standard shared libraries (in Windows these are
Dynamic Link Libraries or DLLs, on the Macintosh they are Code
Fragments, and on UNIX they are Shared Libraries) using the Call Library
Function node. The Call Library Function node includes a large number of
data types and calling conventions. You can use it to call functions from
most standard and custom-made libraries.

The Call Library Function node is most appropriate when you have
existing code you want to call, or if you are familiar with the process of
creating a DLL in Windows, Code Fragments on the Macintosh, or
Shared Libraries on UNIX. Because a library uses a format standard
among several development environments, you can use almost any
development environment to create a library G can call. Check your
compiler documentation to see if it can create standard shared libraries.

See the sectioBall Library Functionlater in this chapter for a detailed
description of this node.

On a multithreaded operating system, you can make multiple calls to

a dynamic link library OLL file) or shared library simultaneously.

By default, all call library nodes, including nodes in previous versions,
run in the user interface thread. Before configuring a call library node as
reentrant, make sure the function called can be executed by multiple
threads simultaneously. See Maltithreadingsection in Chapter 26,
Understanding the G Execution Systéon more information.

Using Code Interface Nodes

For applications in which you require the highest performance, or you want
to pass arbitrary data structures to C code, you can create a Code Interface
Node (CIN). By using CINs, you can call code written specifically to link

to G-language VIs.

The CIN is a very general method for calling C code from G. You can pass
arbitrarily complex data structures to and from a CIN. In some cases, you
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might have a higher performance using CINs because data structures pass
to the CIN in the same format they are stored in G.

To have this level of performance, however, you must learn to create a CIN.
This requires you are a good C developer and take sufficient time to create
the CIN you require. Also, because CINs are more tightly coupled with G,
there are restrictions on which compilers you can use.

If you are a LabVIEW user and require information on how to create Code
Interface Nodes, refer to th&bVIEW Code Interface Reference Manual
available in portable document format (PDF) on your software program
disks or CD.

Call Library Function

Using the Call Library function you can call a 16-bit Windows 3.1 DLL,
a 32-bit Windows 95/NT DLL, a Macintosh Code Fragment, or a
UNIX Shared Library function directly.

(Macintosh) The Call Library function uses the Macintosh Code

Fragment Manager (CFM). This is standard on all PowerMac machines.
680x0 Macintosh computers use the CFM extension. Additionally, the
Call Library Node on 68 Macintosh computers cannot call variable
argument functions. Shared libraries on the Macintosh operate differently
than on other platforms. A file might contain more than one code fragment,
each of which has a name.

E To0 The Call Library Function, shown at left, is available from
L Functions»Advanced

If you double-click the Call Library Function or sel&@mnfigure... from

its node pop-up menu, G displays a dialog box you can use to specify from
the library, function, parameters, and return value for the node as well as
calling conventions in Windows. When you click & button, the node
automatically adds the correct number of terminals, and sets the terminals
to the correct data types.

The return value for the function returns to the right terminal of the top pair
of terminals of the node. If there is no return value, this pair of terminals is
unused. Each additional pair of terminals corresponds to a parameter in the
functions parameter list. You pass a value to the function by wiring to the
left terminal of a terminal pair. You read the value of a parameter after the
function call by wiring from the right terminal of a terminal pair.
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The Call Library Function dialog box is shown in the following illustration.

Library Mame ar FPath Browse. .. |

Function Mame IfuncName |Hun i Il Thread vl
Calling Conventions | Drefault [stdcall] _v|
Parameteriletum type .IZ,_

Tupe | Waid =l

Function Prototype:

e 0id furcM amelvoid];

ak. I Cancel |

As you select items in the dialog box, an indicator at the bottom, called
Function Prototype, displays the C prototype for the selected function.

Calling shared libraries written and compiled in C++ has not been tested and
might not work.

In Windows 3.1, an upper limit of 29, 4-byte arguments can be passed using

the Call Library Function. Double-precision floating-point parameters passed by
value are 8-byte quantities and count as two arguments. Thus, you are limited to
14 double-precision, floating-point parameters passed by value.

In Windows 3.1, you cannot have two or more Call Library Nodes in memory that
call the same function inside the same DLL with different arguments.

In Windows 3.1, DLLs must be 16-bit. In Windows 95/NT, DLLs must be 32-bit.
If you have a 16-bit DLL you want to call from Windows 95/NT, you either must
recompile it as a 32-bit DLL or create a “thunking” DLL. Refer to Microsoft
documentation for information on thunking DLLs.
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Calling Conventions (Windows)

Parameter Lists

Use the calling conventions of the ring to select the calling conventions
for the function. The default calling convention for Windows 3.1 is Pascal,
and Stdcall for Windows 95/NT. This default corresponds to the calling
convention used by most DLLs. The alternative option is to use C calling
conventions. Refer to the documentation for the DLL you are trying to call
for the appropriate calling conventions.

Initially, the Call Library Function has no parameters and has a return
value of void. You can click thadd a Parameter BeforeandAdd a
Parameter After buttons to add parameters to the function. You can
click the Delete this Parameterbutton to remove a parameter.

You can use the parameter ring to select different parameters or the return
value. When selected, you can change the parameter name to something
more descriptive. The parameter name does not affect the call, but is
propagated to output wires. Descriptive names make it easier to switch
between parameters.

Indicate the type of each parameter using the type ring. The return type is
limited to eithe®Void, meaning the function does not return a value,
Numeric, or String.

For parameters, you can selctmeric, Array, String, orAdapt to Type.

When you select an item from the type ring, you see more items you can
use to indicate details about the data type and how to pass the data to the
library function. TheCall Library Node has a number of different items

for data types, because of the variety of data types required by different
libraries. Refer to the documentation for the library you call to determine
which data types to use.

* \Void—The typevoid is only accepted for the return value. This item
is not available for parameters. Use it for the return value if your
function does not return any values.

*  Numerics—For numeric data types, you must indicate the exact
numeric type using the data type ring. Items include the following.

— Signed and unsigned versions of 8-bit, 16-bit, and 32-bit integers
— Four-byte, single-precision numbers
— Eight-byte, double-precision numbers

© National Instruments Corporation 25-5 G Programming Reference Manual



Chapter 25 Calling Code from Other Languages

Note

Note

A Caution

A Caution

Note

You cannot use extended-precision numbers and complex humbers. They
generally are not used in standard libraries.

You also must use the format ring to indicate if you want to pass the value
or a pointer to the value.

In Windows 3.1, you cannot use either single-precision or double-precision
data types as the return type. There is no standard method for DLLs to return
single-precision and double-precision numbers. Floating-point return values are
implemented differently by each compiler. If you must return a single-precision
or a double-precision number, pass the data back as a parameter instead of as
the return value.

* Arrays—You can indicate the data type of arrays (using the same
items as for numeric data types), the number of dimensions, and the
format to use in passing the array. UseRbemat item to select if
you want to pass a pointer to the array data, or padsray Handle
which is a pointer to a pointer to a four-byte value for each dimension
followed by the data. If you seleétray Data Pointer, pass the array
dimension as separate parameter(s).

In Windows 3.1, the Call Library Node uses only the array data pointer format for
arrays. Additionally, in Windows 3.1 you can indicate the data is passed using a
Huge pointer. You can use a Huge pointer if you must pass more than 64 kilobytes
of data in the array. Only turn this item on if the DLL you are calling expects a
Huge pointer of data. If you try to pass a Huge pointer to a function that expects
a normal pointer, the application might crash.

Do not attempt to resize an array with system functions, such as realloc. Doing so
might cause your system to crash.

Strings— You can specify the string format for strings. The items for string
format are C, Pascal, or G.

Base your selection of the string format on the type of string the library function
expects. Most standard libraries expect either a C string (string followed by a null
character) or a Pascal string (string preceded by a length byte). If the library
function you are calling is written specifically for G, you might want to use the
String Handle format, which is a pointer to a pointer to four bytes for length
information, followed by string data.

In Windows 3.1, you cannot use the String Handle format or return a string.
On platforms that support a string return type, the string is immediately copied
into a buffer. The string is not deallocated.
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ﬁ Caution Do not attempt to resize a string with system functions, such as realloc. Doing so
can cause your system to crash.

Adapt to Type—allows you to pass arbitrary G-language data types to
DLLs. They are passed in the same way they are passed to a CIN. This
means the following.

e Scalars are passed by reference (a pointer to the scalar is passed to
the library).

« Arrays and strings are passed as a handle (pointer to a pointer to
the data). See theode Interface Reference Manualailable only
in portable document format (PDF) on your software program disks
or CD.

» Clusters are passed by reference.

e Scalar elements in arrays or clusters are in line. For example, a
cluster containing a numeric is passed as a pointer to a structure
containing a numeric.

e Cluster within arrays are in line.
e Strings and Arrays within clusters are referenced by a handle.

Note In Windows 3.1, you cannot us&dapt to Type.

Calling Functions that Expect Other Data Types

In some cases, you might encounter a function that expects a data type
G does not use. For example, you cannot use the Call Library Function
to pass an arbitrary cluster or array of non-numeric data.

Depending on the data type, you might be able to pass the data by creating
a string or array of bytes that contains a binary image of the data you want
to send. You can create binary data by typecasting data elements to strings
and concatenating them.

Another option is to write a library function that accepts data types G does
use, and parameters to build the data structures the library function expects,
then calls the library function.

Finally, you can write a code interface node instead. Code interface nodes
can accept arbitrary data structures, but take some time to master because
you must understand data formats and storage in G.
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LabWindows/CVI Function Panel Converter

Note This feature is not available on the Macintosh.

The LabWindows/CVI Function Panel converter automates the process of
converting instrument drivers written in LabWindows/CVI so they can be
usedin G. A LabWindows/CVI instrument driver consists of a C source and
header files, a Dynamic Link Library (DLIWindows) or shared library

(UNIX) containing the compiled code, and a LabWindows/CVI-specific

file called a Function Panel (FP) file. Function Panel files are used in
LabWindows/CVI so that users can specify arguments and return values
when editing a C function call statement by filling in values in a pop-up
window.

The LabWindows/CVI Function Panel converter converts each function
into a VI, using the information in the CVI FP file to determine the type,
data representation, and placement of controls on the VI front panels.
Each generated VI uses a Call Library Function node on its block diagram
to call the appropriate C routine in the appropriate driver library.

Although many instrument drivers are written completely on the diagram
without calling library functions, the LabWindows/CVI Function Panel
converter has advantages in some cases. For instruments where a G driver
is not available, this tool makes it relatively easy to take advantage of a
CVI driver if one exists. Given the option, however, a true G driver
consisting of G diagrams is preferable because it is easy for customers to
view and modify, and because it multitasks well within the G environment.
Library calls are synchronous, so any VIs running in parallel pause for the
duration of the call.

Note All CVI.dll  files require run-time support. Install the CVI Run-Time engine to
use Vls created by the conversion process.
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Conversion Process

If you selectFile»Convert CVI FP File..., a dialog box appears asking
you to select a LabWindows/CVI Function Panel file. When you select an
FP file, you see the following dialog box, in which you indicate where to
save new VIs and what driver functions to convert.

C¥1 Function Panel Converter

Select a Destination Directory or ¥I Library:
|E:‘\.&F‘F‘LIEAT‘xDJIFILS\FLdS.LLB | | Browse... \

Instrument Prefix:

|FL45 |

Select Function Panel Items to Process:
[Double-click on an item to toggle selection.]

¥ Imtiahze

o Application Functions

o Set Up & Read Measurements
= Configuration Functions

O

W Configure Measurements
o Configure Range
o Configure Trigger phions...
= Configure Modifiers
o Config Compare |
N Config Hold ]

‘ Rename... | | Select All | | Deszelect All ‘ ‘ Cancel |

You specify the destination directory or VI library in the topmost text box.
The suggested destination is shown, and you can change the path to place
the new VIs anywhere you choose. You can us8tbesse... button to

specify the destination using a file dialog box in the usual way.

Thelnstrument Prefix text box shows the instrument prefix as shown by
the function panel file. This prefix is prepended by CVI to all C function
names in the Function Panel tree. The converter likewise prepends this
prefix to the names of Vls it generates. The suggested prefix is shown,
based on the DLL, but you can change or delete this string as you want.

The remainder of the dialog box contains the selection of function panels
items to convert. A list box lists all items in the function panel tree, indented
hierarchically by class, as in LabWindows/CVI. The class names are listed
as well, but are grayed-out and not selectable. Initially, all nodes found in
the Function Panel file are selected. Selected items are indicated by a
checkmark symbol, non-selected items by no symbol, and class names
by a rectangle.
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Double-clicking an item toggles selection. Taect AllandDeselect All
buttons are used for convenience. You also can click an item once to
move the highlighted bar to that item and clR&name This pops up the
following simple dialog box for renaming an FP item.

Rename FP ltem

Enter a new name for the Function Panel item.
This name will be used for the generated VI.

[Iritialize: |

| Ok | | Cancel I

The Options... button brings up the following dialog box.

= Conversion Options

— %1 Generation Options:

[ Leave I Front Parels Open
[] Create Library Call o Block Diagrarm
(<] Azsume 16-bit DLL [IMT twpe passed as INT1E)
(<] &dd Instument Error 1/0 Checking
[ Use Subv! for C4I Error Coreeersion
] Include Tl Clazz Mames in%l Names
[]Use C Function Mames for Yls

(<] Corveert &l Control Mames to Lowercase

[ Assiagn Instrument Diriver lcons Based on MName

2048 Default Size for Arrap Parameters

| oK | | Cancel

The conversion options are as follows.

Leave VI Front Panels Oper—Causes the converter to leave Vls in
memory with their front panels open when conversion is complete rather
than disposing of each VI after it is saved to disk. (Off by default.)

Create Library Call on Block Diagram—Causes the converter to place a
Call Library Function node on the block diagram of each VI and wire up all
front panel terminals appropriately. If this option is not on, only the front
panel is created; nothing is dropped on the block diagram. (On by default.)
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Assume 16-bit DLL—(Windows 3.1) Causes the converter to treat the
Integer type from the LabWindows/CVI function panel as an INT16 rather
than an INT32 when creating the type descriptor describing the arguments
to the Call Library Function. This is necessary when calling DLLs created
with some third-party compilers such as Borland C. (On by default.)

Add Instrument Error 1/0O Checking —Causes the converter to drop
error-handling code on the block diagram of each VI created. If you

select this option, Error In and Out clusters are dropped on the front
panel, positioned below all other controls and indicators derived from

the LabWindows/CVI function panel. The front panel terminals and

Call Library Function on the block diagram are enclosed in a case structure,
which is executed only if the status field of Error In is FALSE, indicating
no error. (On by default.)

Use SubVI for CVI Error Conversion—Drops a subVI on the block
diagram of each VI to map LabWindows/CVI-style error codes to G-style
error clusters suitable for feeding to the General Error Handler.The integer
return value from the Call Library Function node, the Error In cluster,

and the name of the current VI is passed to the subVI. If an error is
detected by the subVl, it is passed to Error Out, with status set to TRUE.
If a warning is detected, it is passed to Error Out, but with status set to
FALSE. Otherwise, Error In is passed to Error Out. If this option is not set,
no subVI is dropped, and the block diagram is constructed so that an error
is indicated in Error Out only if the Call Library Function return value is
less than zero. (On by default.)

Include CVI Class Names in VI Names—Automatically creates a name

for each VI based on either the function panel name or the C function name
for each instrument driver option. If this option is checked, the Class name
associated with the LabWindows/CVI function panel is prepended to the
automatically generated name for the function.

Use C Function Names for VIs—Normally, the converter constructs

the names of the Vls it generates directly from the function panel item
names by merely prepending the instrument prefix and appending
Unfortunately, this approach does not always produce unique names for
each item, because LabWindows/CVI does not require the “leaves” of

the function panel tree have unique names. Setting this option causes the
converter to construct VI names from the actual C function names the

FP items correspond to, thereby guaranteeing unique results.
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To avoid problems caused by duplicate names, the converter checks to
see if all items are unique when it builds the list of function panel items to
be displayed. Non-unique items are flagged with a null symbol and are
not selectable by double-clicking them. To prevent problems caused by
duplicate names, the converter brings up a one-button alert when it first
opens its dialog box if it detects such name conflicts, and automatically
turns on thaJse C Function Name®ption. If you prefer to use the
function panel names instead, you can turn off this option manually, and
then individually rename the items with name conflicts. Renamed items
retain their user-supplied names even wheruge C Function Names
option is changed.

Capitalize and Remove Underscores in NamesBecause names built

from C function names tend to be less “pretty” than those derived from the
function panel item names, this option attempts to make them “prettier” by
capitalizing initial letters and replacing underscores with spaces. Because
it cannot expand abbreviations, the results still might not be as pleasing as
the FP names, but this is inevitable with duplicate FP item names you do
not want to rename individually.

Convert All Control Names to Lowercase—Converts control names to
lowercase to conform to VX®lug&Play standards.

Assign Instrument Driver Icon Based on Name—-Assigns icons to

VIs based on the name of the generated VIs. The converter searches for
keywords such as initialize, close, self-test, reset, configure, or measure in
the name of the function and uses the corresponding icon. If no keywords
are found, a default icon is used. Additionally, the instrument prefix is
stamped into the icon at the top left, up to a maximum of seven characters.

Default Size for Array Parameters—When an instrument driver DLL
function outputs an array, the memory into which the function writes the
array must be preallocated and passed into the DLL. With this option, you
can select the default size, in elements, to allocate for arrays. When a Call
Library Node function has an array as an argument, the converter drops an
Initialize Array function to create an array to pass into the node. The initial
size of such arrays is specified by efault Size for Array Parameters
option. A warning is generated in theait file so that you can easily find

VIs containing this construct and handle special cases individually.

SelectOK at the main LabWindows/CVI Function Panel Converter dialog
box. This brings up a file dialog box to select the library corresponding to
the FP file being converted (if tligreate Library Call option is set).
Canceling this dialog box simply leaves the library path unspecified in
the Call Library Function node. It does not abort conversion.
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After you clickOK, the converter brings up a working status dialog box
to display the name of each new VI as it is created. A log file named
prefix .out is created, listing all the VIs created, and any warnings or
errors that occurred during conversion. If any warnings or errors do
occur, you are notified to look at this file when conversion is complete.
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G Execution System

This chapter describes VI multitasking and execution.

With the G execution system, you can run multiple VIs simultaneously.
In addition, within a given VI you might have several parallel branches,
each of which also can execute simultaneously.

In normal use, it is not necessary to be concerned with the details of how
multitasking takes place. You can think of portions of a diagram as
executing in parallel, and multiple VIs as running in parallel. With the
execution system multitasking capability, you can edit or single step
through a VI while other VIs continue to run. Also, if you inadvertently
build a VI with an infinite loop, it does not lock up the computer or prevent
other VIs from executing.

In some applications where timing becomes more critical, a better

understanding of how the multitasking system works is important.
The following section covers this topic.

Multitasking Overview

Most computers have only one processor, meaning only one task executes
at any given time. Multitasking is achieved by running one task for a short
amount of time and then having other tasks run. As long as the amount of
time each task has is small enough, there is the appearance of having
multiple tasks running simultaneously.

The Windows 3.1 and Macintosh operating systems primarily use a form of
multitasking called cooperative multitasking, which requires each program
be written to voluntarily yield to other tasks periodically. Most applications
spend a considerable amount of time waiting for events such as user
interaction, so there are normally a number of opportunities for yielding to
other tasks. However, if any task remains busy for too much time without
yielding, other tasks do not get a chance to run. Cooperative multitasking
only works well if all programs are written very carefully with it in mind.
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In practice, most programs do not do a good job of cooperatively
multitasking when performing common tasks such as printing, dragging
windows, or saving files.

Many operating systems support another form of multitasking called
preemptive multitasking. With preemptive multitasking, the operating
system handles the switching and scheduling of tasks. Each task is given a
limited amount of time to execute. When the time is up for a given task,
one task is forced to pause while another starts execution. This switching is
handled at arbitrary points without any special coding on the part of the
developer.

Multithreading

When an application needs to perform a task, there are usually several
ways to attack the problem. One way is to complete the task one step
at a time. However, most tasks can be divided into smaller tasks that
theoretically can be done in parallel. For instance, when you print a
document, the application begins printing in the background, and

you edit other documents. Multithreading is the term for applying
multitasking to a single application, and breaking it into smaller tasks
so they execute in parallel.

Just as with cooperative multitasking, you can design programs that
cooperatively multithread within an application. Each thread must be
written to periodically yield so other threads or tasks can run. Since all

of the threads in a multithreaded application are developed as part of the
same program, the developer has more control in ensuring cooperation
takes place. However, it is difficult to do this uniformly throughout an
application, and it is likely that most cooperatively multithreaded
applications lose some potential parallelism.

Some operating systems provide a mechanism for preemptive
multithreading. The operating system manages the context switches
between the threads of the program in exactly the same manner as it
manages the different programs in the preemptive multitasking system.
The result can be a better distribution of the processor to the active
threads of the program.
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The G Execution System

The G execution system uses preemptive multithreading on operating
systems that support it as well as cooperative multithreading. Even on
systems with preemptive multithreading, a limited number of threads are
used, so in certain cases it falls back to using cooperative multithreading.

(Windows 95/NT, Solaris 2 andPowerMAX) The application is multithreaded.
The execution system preemptively multitasks VIs using threads.
However, there are a limited number of threads available, so for highly
parallel applications it falls back to using cooperative multitasking
when available threads are used up. Also, the operating system takes
care of preemptively multitasking between the application and other
tasks.

(Macintosh andWindows 3.1) The application is single-threaded.

The execution system cooperatively multitasks VIs using its own
scheduling system. The application also cooperatively multitasks with
other applications by periodically yielding a small amount of time.

(HP-UX andSolaris 1) The application is single-threaded. The execution
system cooperatively multitasks VIs using its own scheduling system.
The operating system takes care of preemptive multitasking between the
application and other tasks.

Basic Execution System

The following description applies to both single-threaded and
multithreaded execution systems.

The execution system maintains a queue of active tasks. For example, if you
had three loops running in parallel, at any given time one task is executing
and the other two are waiting in the queue. Assuming all tasks have the
same priority, one of the tasks executes for a certain amount of time. That
task is then put at the end of the queue, and the next task executes for a time.
When a task completes execution, the execution system removes it from
the queue.

The execution system executes the first element of the queue by calling the
generated code of the VI. At some point, the generated code of that VI
checks with the execution system to see if it assigns another task to execute.
If not, the code for the VI continues to execute.
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Managing the User Interface in the Single-Threaded Application

In addition to executing VIs, the execution system must coordinate
interaction with the user interface. When you click a button, move a
window, or change the value of a slide control, the execution system takes
care of managing that activity and ensuring VI execution continues in the
background.

The single-threaded execution system multitasks by switching back and
forth between responding to user interaction and running VIs. When
execution returns to the execution system from a VI, it checks to see if any
user interface events require handling. If not, then the execution system
either returns to the VI or takes the next task off the queue.

When you press buttons or pull down menus, the action you perform might
take a while to complete. The execution system keeps running Vls in the
background by switching back and forth between responding to your
interaction with the control or menu and executing Vls.

Multithreaded Application and Multiple Execution Systems

Multithreaded versions have multiple execution systems. You can assign
VIs to one of six different execution systems throughRtederred
Execution Systemin VI Setup»Execution Options.

EE ¥l Setup 3

| Execution O ptiohs =l

[~ Show Front Panel Wwhen Loaded [~ Print Panel When V| Completes Execution
[~ Show Front Panel when Called [w Print Header [name, date, page H#]
i i 21 [V Scale to Fit
[~ Run'When Opened [V Surround Parel with Border
I~ Suspend When Called [~ Page Margins

[~ Reentrant Execution

Pricrity usger interface
| rirrnal priority = |
instrument i/o

data acquisition
ather 1
other 2

| ok I Cancel |
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The execution systems you can choose are as follows.
» User Interface

+ Standard

e Instrument I/O

» Data Acquisition

e Other1l

e Other2

The purpose of having several execution systems is to provide some rough
partitions for VIs that must run independently from other VIs. By default,
VIs run in the Standard execution system, which runs in separate threads
from the user interface. The Instrument I/O execution system is included to
prevent VISA, GPIB, and Serial /O from interfering with other Vis.
Similarly, the Data Acquisition execution system is set for the data
acquisition Vls.

The User Interface execution system behaves exactly the same in the
multithreaded version as in the single-threaded version. The User Interface
system is responsible for taking care of the user interface. VIs can execute
in the user interface thread, but the execution system alternates between
cooperatively multitasking and responding to user interface events.

Each of the other execution systems has its own queue. These execution
systems are not responsible for managing the user interface. Whenever a VI
in one of these queues needs to update a control, it passes responsibility to
the User Interface thread.

Also, every execution system except for the User Interface system has two
threads responsible for executing VIs from the queue. Each thread takes
care of executing a task, so if a VI calls a CIN, for example, the second
thread continues to execute other VIs within that execution system. Since
each execution system has a limited number of threads, once the threads are
full you end up with pending tasks just as you do in a single-threaded
system.

While Vs you write run correctly if you leave them set to the Standard
execution system, consider setting them to use another execution system as
well. If you are developing instrument drivers, for example, you might want

to set your Vls to use the Instrument I/O execution system.

Even if you leave VIs set to the Standard execution system, one important
benefit of multithreading is the separation of the user interface into its own
thread. Any activities conducted in the user interface (such as drawing on
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the front panel, responding to mouse clicks, and so on) can take place
without robbing the block diagram code of execution time. Displaying a lot
of information on a graph does not prevent the block diagram code from
executing. Likewise, executing a long computational routine does not
prevent the user interface from responding to mouse clicks or keyboard data
entry.

Computers with multiple processors benefit even more from
multithreading. On a single-processor system, the operating system
preempts the threads and distributes time to each thread on the processor.
On a multi-processor computer, threads can run on the multiple processors
simultaneously, so more than one activity can truly occur at the same time.

The names Instrument I/O, Data Acquisition, and so on are simply
suggestions for the type of tasks you might want to place within these
systems. 1/0O and DAQ work in other systems, but using these labels helps
you to partition your application and understand the organization.

Other 1 and Other 2 are available if there are other tasks in your application
requiring their own thread.

Synchronous/Blocking Nodes

As mentioned previously, a few nodes are synchronous, meaning they
do not multitask with other nodes. In the multithreaded version, this
means they execute to completion, and the thread in which they run is
monopolized by that task until it completes.

Code Interface Nodes (CINs), DLL calls, and all computation functions
execute synchronously. Most analysis VIs and DAQ VIs contain CINs and
therefore execute synchronously. For example, a Fast Fourier Transform
(FFT) executes to completion without the thread it runs in, regardless of
how long the FFT executes.

Almost all other nodes are asynchronous. Structures, 1/0O functions, timing
functions, and subVIs you build all execute asynchronously.

The Wait, Wait for Occurrence, Dialog Box, GPIB functions,

VISA functions, and Serial VIs wait for the task to complete, but can do
so without holding up the thread. These tasks are taken off of the queue
until their task is complete. When it completes (for example, the user
presses a button on a dialog displayed by the Dialog Box function), the task
is put on end of execution queue.
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Prioritizing Tasks

There are two methods for prioritizing parallel tasks. One is to change
the priority setting iVl Setup. The other is to make strategic use of
Wait functions.

In most cases, do not change the priority of a VI from the default. Using
priorities to control execution order might not produce the results you
expect. If used incorrectly, the lower priority tasks can be pushed aside
completely.

Wait Functions for Prioritizing Tasks

You can use the Wait function to make less important tasks execute less
frequently. For example, if several loops are in parallel and you want some
of them to execute more frequently, put the Wait functions in the lower
priority tasks. This relinquishes more time to other tasks.

As described in th8ynchronous/Blocking Nodssction of this chapter,
when a diagram waits, it is completely taken off of the queue, so other tasks
can run.

It is particularly appropriate to use waits in loops polling the user interface.
A wait of 100 to 200 milliseconds is not really noticeable, but it frees up the
application to handle other tasks more effectively. In addition, it frees up
the operating system so it has more time to devote to other threads or other
applications.
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VI Setup Priority

You change the priority of a VI using tigiority menu item in the
VI Setup dialog box.

B VI Setup

I E=ecution Options _vl

I~ Show Front Panel ‘#hen Loaded [~ Print Panel ‘When Y| Completes Execution
[~ Show Front Panel Wwhen Called [ Print Header [hame, date, page #]
P o Al 8 : v Scale ta Fit
[~ Run'when Dpened [+ Surraund Panel with B order
[~ Suspend When Called [~ Page Margins
I~ Reentrant Execution fra
7
backaraund priority [lawest) Preferred E xecution System
| | standard =l
above nomal priority
high priority
time critical priority [highest]
L~ subroutine

0k I Cancel |

There are six levels of priority, listed below in order from lowest to highest.
e background priority (lowest)

e normal priority

e above normal priority

e high priority

e time critical priority (highest)

e subroutine priority

The first five priorities are similar in behavior (lowest to highest), while

subroutine priority has some additional characteristics. The following
applies to all of these priorities except the subroutine level.

Priorities in the User Interface Thread
and Single-Threaded Execution System

Within the user interface thread, priority levels are handled in the same
way for both the single-threaded and multithreaded execution system.
The following paragraphs describe the way in which priorities are handled
for these configurations.

In the single-threaded system and in the user-interface thread of the
multithreaded system, the execution system queue described earlier has
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multiple entry points. Higher priority VIs are placed on the queue in front
of lower priority VIs. If a high priority task is executing and the queue
only contains lower priority tasks, the high priority VI continues executing.
For example, if the execution queue contains two VIs of each priority level,
the time critical VIs share execution time exclusively until both of them
finish. Then, the high priority VIs share execution time exclusively until
both of them finish, and so on.

The exception to this occurs if the higher priority VIs calls a function that
waits such as the Wait (ms) function (see the Synchronous/Blocking Nodes
section earlier in this chapter for a list of asynchronous functions that wait).
In this case, the higher priority VIs are taken off the queue until the wait or
I/0 is complete, assigning other tasks (possibly with lower priority) to
execute. When the wait or 1/0O is complete, the execution system reinserts
the pending task on the queue in front of lower priority tasks.

Also, if a high priority VI calls a lower priority subVI, that subVl is
boosted to the same priority level as the caller for the duration of that call.
Consequently, you do not need to modify the priority levels of the subVis
a VI calls in order to raise its priority level.

Use priorities cautiously, because lower priority tasks easily get starved for
time by higher priority tasks. If the higher priority tasks are designed to run
for long periods, lower priority tasks are not going to execute unless the
higher priority task periodically waits or performs I/O so it is taken off the
gueue. When using priorities, consider adding waits to the less time-critical
sections of your diagrams to free up time.

Priorities in Other Execution Systems
of the Multithreaded System

Earlier, this chapter described six execution systems, corresponding to the
Execution System menu itemVfl Setup. In reality, for each of these six
categories, there is a separate execution system for each priority level

(not including subroutine priority level, nor the user interface execution
system). Each of these prioritized execution systems has its own queue and
two threads devoted to handling diagrams on that queue.

Rather than having six execution systems, there is 1 for the user interface
system, regardless of the priority, and 25 for the other systems (5 systems
multiplied by 5 for each priority level).

The threads for each of these execution systems are assigned operating
system priority levels based upon your classification. What this means in
normal execution is higher priority tasks get more time than lower priority
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tasks. Just as with priorities in the user interface thread above, higher
priority tasks might starve lower priority tasks if they execute for long
periods of time without waiting periodically.

Some operating systems try to help avoid starvation of lower priority tasks
by periodically giving an artificial boost to the priority level of lower
priority tasks. Consequently, on operating systems with priority boosting,
even if a high priority task wants to execute continuously, lower priority
tasks periodically get a chance to operate. However, do not rely upon this
since it varies from operating system to operating system, and on some
operating systems, priorities of tasks and priority boosting behavior are
adjusted by the user.

The user interface system has only a single-thread associated with it.
This thread is set to the same operating system priority as Normal priority
for other execution systems. Consequently, if you set a VI to run in the
standard execution system with above normal priority, it might starve out
the user interface. This might result in a sluggish or even non-responsive
user interface. Likewise, if you assign a VI to run at background priority,

it runs with lower priority than the user interface thread.

Just as in the user interface discussion above, when a VI calls a lower
priority subVI, the execution system raises the subVI priority to the same
level as the caller for the duration of the call. Consequently, if a VI and its
subVI are both assigned the same execution system in VI setup, the call to
the lower priority subVI stays in the same prioritized execution system.
However, if the VI calls a higher priority subVI, then that subVI call runs

in a different, higher priority execution system.

Subroutine Priority Level

If you set a VI to subroutine priority (the highest level), the behavior is
slightly different. The idea of subroutine priority level is to permit a VI to
execute as efficiently as possible. The compiler compiles Subroutine Vs
so they do not share time with other Vis.

When a VI runs at subroutine priority, it effectively takes control of the
thread in which it is running (and it runs in the same thread as its caller).
No other VI can run in that thread until the subroutine priority VI finishes
executing, even if the other VI is also marked as a subroutine. In the
single-threaded execution system, this means no other VI executes.

In non-User Interface execution systems, the thread running the subroutine
does not handle other Vls, but the execution-system second thread, along
with other execution systems, can continue to run VIs.
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In addition to not sharing time with other VIs, subroutine VI execution is
streamlined so that front panel controls and indicators are not updated when
the subroutine is called. Watching a subroutine VI front panel reveals
nothing about its execution.

A subroutine VI can call other subroutine VIs, but it cannot call a VI with
any other priority. Use subroutine priority in situations in which you want
to minimize the overhead in a subVI that performs simple computations.

Also, since subroutines are not designed to interact with the execution
gueue, they cannot call any function that normally takes them off of the
gueue. This means they cannot call any of the Wait functions, 1/0O functions,
or dialog box functions.

Subroutines have an additional item that can help in time-critical
applications. If you pop up on a subVI and select Skip Subroutine Call if
Busy, the execution system skips the call if the subroutine is currently
running in another thread. This might be advantageous in time-critical
loops where the operations the subroutine performs are skipped safely, and
where you want to avoid the delay of waiting for the subVI to complete.

If you skip the execution of a subVI, all outputs of the subVI are set to the
default value for that data type. Consequently, numeric outputs are set to
zero, string and array outputs are empty, and Booleans are set to False.
Notice this is the default for the type, not the default value for the indicator
on the subVI front panel. If you want to detect whether a subroutine
actually executed, make it return True if it successfully ran. The default
value of False is automatically returned otherwise.

Reentrant Execution Overview

Under normal circumstances, the execution system cannot execute multiple
calls to the same subVI simultaneously. If you try to call a subVI that is not
reentrant from more than one place, one call executes and the other call
waits for the first to finish before executing. If you make a VI reentrant
(using VI Setup), each instance of the call maintains its own state of
information. Then, the execution system runs the same subVI
simultaneously from multiple places. Reentrant execution is useful in the
following situations.

* When a VI waits for a specified length of time or until a timeout
occurs.

* When a VI contains data not to be shared between multiple instances
of the same VI, as opposed to a global variable, which is a VI whose
data you want to share.
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You begin reentrant execution through Ereecution Optionsof the
VI Setup dialog box. If you select reentrancy, several other menu items
become unavailable.

EE ¥l Setup 3

| Execution O ptiohs =l

v Reentrant Execution i
E

Priarity Preferred Execution System
| rarmal pricrity =l standard =l

ok | Cancel |

Notice the following items are not available wHeentrant Executionis
selected.

¢ Opening a front panel when loaded

¢ Opening a front panel when called

< Execution highlighting

e Single-Stepping

These menu items are disabled because the subVI must switch between

different copies of the data and different execution states with each call,
making it impossible to display its current state continuously.
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Examples of Using Reentrancy
The examples in the next two sections demonstrate reentrant VIs.

Using a VI That Waits

= The following reentrant example describes a VI, called Snooze, which
z : : . : . .
takes hours and minutes as input and waits until that time arrives. If you
want to use this simultaneously in more than one location, the VI must be
reentrant.

o1

[Tirne To ‘Wake Mel [Tirne (Seconds)|

|2TDT"E~99EI |

Get Time Seconds Tirme

In Seconds | | to Date [Seconds)
& Timne

-

Tirne Ta Wake-up =
W ake Me Tire in | ({000 (it

Seconds

The Get Time In Seconds function reads the current time in seconds and the
Seconds to Date/Time and converts this value to a cluster of time values
(year, month, day, hour, minute, second, and day of week). A Bundle
function replaces the current hour and minute with values representing a
later time on the same day in the front panel Time To Wake Me cluster
control. The adjusted record then is converted back to seconds, and the
difference between the current time in seconds and the future time is
multiplied by 1,000 to obtain milliseconds. The result passes to a Wait
function.
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Lunch and Break are two VIs that use Snooze as a subVI. The Lunch VI,
whose front panel and block diagram are shown in the following
illustration, waits until noon and pops up a front panel reminding the
operator to go to lunch. The Break VI pops up a panel reminding the
operator to go on break at 10:00 a.m. The Break VI is identical to the Lunch
VI, except the pop-up subVIs are different.

For Lunch and Break to execute in parallel, Snooze must be reentrant.
Otherwise, if you start Lunch first, Break waits until Snooze wakes up at
noon, which is two hours late.

h

alrs

™. 27 Alert
£ Operator

£
I =]
1 ; Elll ]
=
E.- —
o b2
[

Using a Storage VI Not Meant to Share Its Data

Another situation that requires reentrancy is when you make multiple calls
to a subVI that stores data. Suppose you create a subVI, ExpAvg, which
calculates a running exponential average of four data points. To remember
the past values, ExpAvg uses an uninitialized shift register with three left
terminals. If you are a LabVIEW user, see Chapt&o8ps and Chartof

your LabVIEWUser Manualfor more information on uninitialized shift
registers.

[rpau

e Input
[ex1 ]|

[ A ]
" =
Z

If you are a BridgeVIEW user, refer to Chapter ll@pps and Chartsf the
BridgeVIEW User Manual
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Next, suppose a VI uses ExpAvg to calculate the running average of two
data acquisition channels. For example, you are monitoring the voltages at
two points in a process and want to view the exponential running average
on a strip chart. The diagram contains two ExpAvg nodes. The calls
alternate, one for Channel 0, then one for Channel 1. Assume Channel O
executes first. If ExpAvg is not reentrant, the call for Channel 1 uses the
average computed by the call for Channel 0, and the call for Channel O uses
the average computed by the call for Channel 1. By making ExpAvg
reentrant, each call can execute independently without danger of sharing
the data.

[Devicdld
[channers] fo. 1]

[Hurnber of Sarples|[1 oo

2 Chan
Funning

= : Exp diva
' o] o |
=5

Synchronizing Access to Globals, Locals, and External Resources

Since the execution system can run several tasks in parallel, you must
ensure global and local variables and resources are accessed in proper
order.

Race Conditions

A race conditionoccurs when two or more pieces of code that execute in
parallel are changing the value of the same shared resource, typically a
global or local variable. The following two diagrams are an example of a
race condition.

Diagram 1 ———— Diagram 2 —————
ﬂ@cm||—|>4| ( E=

Diagram 1 decreases incrementally the value of count and Diagram 2
increases incrementally the value of count. Since there is no data
dependency between the two diagrams, the execution of these two
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diagrams might happen in this order (lets assume the initial value of count
is 4).

Diagram 1: Read count (4)

Diagram 2: Read count (4)

Diagram 1: Increment 4 and write count (count is now 5)
Diagram 2: Decrement 4 and write count (count is now 3)

Although you might expect that running the two diagrams incrementally
increases and then incrementally decreases count, in effect returning count
back to its original value, the race condition can cause only one of the
operations to have an effect.

Race conditions are prevented in one of several ways. The simplest one is
to have only one place in the entire application through which a global
variable is changed. For example, in the previous example all diagrams that
incrementally increase or incrementally decrease the global variable count
call a common subVI Change Count. They pass a Boolean parameter to
indicate whether the global is incrementally increased or incrementally
decreased.

Since a non-reentrant VI is executed only on behalf of one calling VI at a
time and since Change Count is the only VI in the application that changes
the global count, the race condition is avoided.

In the single-threaded environment, it is possible to use a subroutine priority VI
to read-modify-write a global variable without causing a race condition. This is
because a subroutine priority VI does not share the execution thread with any other
VIs. In the multithreaded environment, subroutine priority does not guarantee
exclusive access to a global, since another VI, running in another thread, might be
accessing the global at the same time.

Another way to avoid race conditions associated with global variables, is
to not use global variables at all, but instead use VIs which use loops with
uninitialized shift registers to hold global data. Such VIs are commonly
referred to as Function Globals or LabVIEW 2-Style Globals (global
variables did not exist in LabVIEW 2 and functional globals were used
exclusively). A functional global usually has an action input parameter
specifying which function the VI performs. The VI uses an uninitialized
shift register in a While Loop to hold on to the result of the operation.
The following is the diagram of a functional global implementing a simple
count global. The actions in this example iaigalize , read, increment
anddecrement
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Every time the VI is called, the diagram in the loop is going to execute
exactly once. Depending on thetion parameter, the Case inside the loop
either initializes, does not change, incrementally increases or incrementally
decreases the value of the shift register.

Although functional globals can be used to implement simple global
variables, as shown in the above example, they are especially useful when
implementing more complex data structures, such as a stack or a queue
buffer. Functional globals are also used to protect access to global
resources, such as files, instruments and DAQ cards, that cannot be
represented with a global variable.

Semaphores

Most synchronization problems dealing with global resources are easily
solved with functional globals, since the functional global VI ensures the
data it contains is changed on behalf of one caller at a time. One drawback
of functional globals is that when the resource they hold is to be modified
in a new way, the diagram of the global VI must be changed and a new
action must be added. In some applications, where the usage of the

global resources changes frequently, this might be inconvenient. In such
instances, design your application to use a semaphore to protect access to
the global resource.

A Semaphore, also known as a Mutex, is an object used to protect access to
shared resources. The code where the shared resources are accessed is often
referred to a critical section. In general, you only want one task at a time to

be in a critical section protected by a common semaphore. It is possible for
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semaphores to permit more than one task (up to a predefined limit) to be in
a critical section.

A new semaphore is created with eeate SemaphoreVI (found in the
Functions»Advanced»Synchronization»Semaphorpalette). The VI

takes as an input the initial size of the semaphore. The size determines how
many different tasks use the semaphore at the same time. Each time a task
starts using the semaphore, the semaphore size is incrementally decreased.
When the size reaches zero, any task trying to use the semaphore must wait
until the semaphore is released by another task.

=} [1] ......... EE 1 created new

return exiziting [F] E“' Es grror oyt

erar in (o erar]

name [unnaned] zemaphore
]

A task indicates it wants to use a semaphore by callinga¢baire
SemaphoreVI. When the size of the semaphore is greater than zero, the
VI immediately returns timed out = FALSE and the task proceeds. If the
semaphore size is zero, the task waits until the semaphore becomes
available, or until the VI waits the specified amount of time. If the VI
returns timed out = TRUE, it indicates the semaphore was not acquired,
and the tasks do not execute the critical section. If the VI returns timed
out = FALSE, it indicates the semaphore was successfully acquired.

semaphaore r zemaphare out
g tirmeat [-1] = tirmed aut
ermar in [no errar] =4 E= grror out

When a task successfully acquires a semaphore and is finished with

its critical section, it releases the semaphore by calliniRétease
SemaphoreVI. If, when the semaphore is released, there are any tasks
waiting to acquire the semaphore, the first task is able to continue
execution. Otherwise the size of the semaphore increases incrementally.

semaphore & zemaphore out

2rrar in [hio erar] erar oLt
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When a semaphore is no longer needed, it is destroyed by calling the
Destroy Semaphore VI. If there are any Acquire Semaphore VIs waiting on
the semaphore, they immediately return timed out = TRUE, as well as an
error.

zemaphore semaphore out
x

eror in [no ermor) error out

The following example shows how a semaphore is used to protect the
critical sections ( increases incrementally or decreases incrementally a
global variable). The semaphore was created by passing size 1 to the
Create SemaphorevI.

— Diagram 1

SEmaphDrE .*.:.*n:-.:.'.:.'.:.ﬂ.-

gum

1o0o0o0ooooooooooann

E |} Be

Critical Section

1 0000000000000 10

— Diagram 2
Semaphl:lre X L L P P PR R R R P n: R P P PP P R R P P P R
fooooooooooooon

® ()

[@count|—{F>—|[@coun]

Critizal Section

100000000000 0010

Each diagram wanting to execute a critical section must first call the
Acquire Semaphore VI. If the semaphore is busy (its size is zero) the VI
waits until the semaphore becomes available. When the Acquire
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Semaphore VI returns timed out = FALSE, indicating the semaphore was
acquired, the diagram starts executing the FALSE case. When the diagram
is finished with its critical section (Sequence frame), the semaphore is
released, permitting another waiting diagram to resume execution.

Other Synchronization Functions

In addition to the Semaphore Vls, there are a number of additional
functions and VIs to synchronize parallel tasks. All of these functions are
found in theFunctions»Advanced»Synchronization»Semaphore

palette.

Occurrence Functions— Occurrence functions give you a way to have

one or more tasks wait until another task notifies them. You use the
Generate Occurrence function to create an occurrence you pass to either a
Wait on Occurrence or Set Occurrence function.

Notification VIs —Similar to Occurrences, but with the addition that when
you send the notification you attach a message to it. If multiple VIs wait for
the same notification, they all receive the message. Also, unlike
occurrences, you can cancel a notification.

Queue VIs—Like Notifications, the Queue Vls let you send messages to
other tasks. However, multiple messages can be queued up so that when a
listener retrieves a message, he receives the oldest first. In addition, the
Queue Vls are best used in situations with a single listener. If a listener
removes an element from the queue, other listeners do not see that element.

A VI can add a message to a queue usimgieue.vi . To retrieve the

oldest message from the queue, youdssgieue.vi . When you create a
Queue using Open Queue Reference, you specify whether it has a bounded
size or not; if you create a bounded queue and attempt to enqueue more data
than the queue has room for, thenkhgueue.vi operation waits until a
listener retrieves data usidgqueue.vi before adding the additional

element.

Rendezvous VIs— You can use the rendezvous VIs in situations where
multiple parallel tasks must be synchronized at a common point. Each task
that reaches the rendezvous waits until the specified number of tasks are
waiting, at which point all tasks continue with execution.
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General Suggestions for Using Execution Systems and Priorities

Following is a summary of some general suggestions about using the
execution system options described in this chapter.

It is important to understand that while some of this seems fairly
complicated, in most applications it is not necessary to use either priority
levels or alternate execution system. The execution system automatically
takes care of multitasking your VlIs with each other.

By default, all Vs are set to run in the standard execution system at normal
priority. In the multithreaded system, user interface activity is handled by a
separate thread, so your Vs are insulated from user interface interaction.
Even if you are using the single-threaded system, it tries to interleave
handling of user interface interaction with execution of the Vls giving you
similar results.

In general, the easiest and safest way to prioritize execution is to use
Wait functions to slow down lower priority loops in your application. This
is particularly useful in loops for user interface Vls, since delays of 100 to
200 milliseconds are not really noticeable to users.

If you use priorities, use them cautiously. If you design higher priority VIs
that operate for a while, consider adding waits to those VIs in less time
critical sections so they share time with lower priority tasks.

Be careful when manipulating globals, locals or other external resources
which might be manipulated by other tasks. Use one of the synchronization
techniques described earlier in this chapter to protect access to these
resources.

The way priority use is designed in the single-threaded and multithreaded
systems gives fairly similar results with the same VIs under both systems.
There might be subtle timing differences, however. If you distribute Vis

to customers running a different operating system, you might try your
applications under those conditions. If you are using the multithreaded
system, you can make it behave as a single-threaded version by turning off
theRun with Multiple Threads preference in thBerformancesection of

the Preferencesdialog box.
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This chapter describes how to manage files in your G application.

File Arrangement Using VI Libraries

You can group multiple VI files by saving them as VI libraries (by
convention, the names of these files end with the exteriion). Or you
can save VIs as individual files and group them within directories. For a
comparison of the two methods, see $a&ing Visection of Chapter 2,
Editing VIs

If you use VI libraries, you might want to divide your application into
multiple VI libraries. Put the high level VIs in one VI library, and set up
other VI libraries to contain VIs separated by function. It is easier to
manage your Vls if you organize your files in this manner.

Another reason to break your VIs into multiple VI libraries is because
saving files takes longer as the size of your VI library increases. As you
save a Vlinto a VI library, the library is copied to the temporary directory,
the VI is compressed and saved into the VI library, and the VI library is
copied back to the original directory. This copying process helps prevent
accidental corruption of the original file, but it also takes longer to save Vis.

A good rule of thumb is to avoid creating VI libraries larger than 1 MB.
Notice there is no real limit on the size of a library, and the time to load VIs
from VI libraries does not noticeably change regardless of the size of the
VI library. However, the time to save VIs into VI libraries does increase as
the size of the library increases.

Another way to speed up the time it takes to save VIs, whether or not they
are in VI libraries, is to make sure your temporary directory is on the same
drive (partition, in UNIX) as your VIs. You can copy files faster if the
source and destination are on the same drive (or partition).
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If you use VI libraries, you can emphasize the top-level Vis by using
File»Edit VI Library... from the menu option to mark certain VIs as
top-level. G lists these files at the beginning of the file list in the file dialog
box. There is no similar option for directories, but you can emphasize your
top-level Vis by placing subVls into subdirectories.

Backing Up Your Files

Accidents happen. Hard drives crash, and file systems become corrupted.
It is best to make a backup copy of your Vls often, perhaps once a day.
Copy them to another drive or to tape.

As an example of the problems that can occur, one user accidentally
corrupted the VI library that contained several weeks of work. When
prompted for a destination for a data file, this user had selected his VI
library, at which point he wrote data over his own VI library. Fortunately
he was able to recover most of the contents of his VI library, but only
because he kept backups of his work.

Distributing Vis

When you are ready to distribute your VIs to other machines or to other
users, consider whether you want to distribute editable block diagram
source code, or whether you want to hide or remove the block diagram.
VIs can be saved without their block diagrams. This reduces the size of the
file on disk, and it prevents anyone from inadvertently changing the source
code, but it also prevents the users from moving the VI to another platform
or upgrading the VI to a future version of the development environment. If
these features are important to you, you can consider password-protecting
your diagrams. The source code is still available, but can only be viewed
and modified if you enter a password.

Using theSave with Optionsdialog box, you can remove diagrams

from your VIs. If you save your VIs without a diagram, the VI cannot be
modified by other users. If you save your VIs without diagrams, be careful
not to overwrite your original versions.

Note VIs without diagrams cannot be converted to future versions of the application or
to other platforms. During conversion, you need to recompile your VIs. Without a
block diagram, a VI cannot be recompiled.
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Also consider the environment in which users run your VIs. Do you want
end users to have a development system or a run-time application?

A run-time application is appropriate when you do not expect your users to
make modifications to your VIs. A run-time application contains simplified
menus, and users cannot edit VIs or view block diagrams.

Run-time applications are built using the LabVIEW Application Builder
libraries. When you build a run-time application with these libraries, you
must answer these three questions.

» Do | want to embed a VI library in the application?
* Do | want the application to have &pen menu item?
e Do | want the application to haveluit menu item?

If you choose to embed a VI library in the application, the library is
combined with a run-time engine into a single file. When this file is
launched, it automatically opens all top-level Vls in the library. If you

do not embed a VI library, the application can open any VI when it is
launched, assuming the VI was saved with a development system for that
platform.

If you enable th®©pen menu item, you can use the application to open

and run any VI in the file system, regardless of whether the application

has an embedded VI library. By embedding a VI library, you can create a
completely stand-alone application, one that prevents the user, or customer,
from accessing the source VIs even if the user has the development system.

If you plan to ship multiple VI suites to the same customer, the single
run-time application with th®pen menu item enabled proves more
efficient than separate embedded applications. This is true because each
embedded application contains a copy of the run-time code, which is
roughly 2 to 3 MB.

To create a run-time application, you must have the Application Builder
libraries, which are sold separately. If you are a LabVIEW user, see the
LabVIEW Application Builder Release Noiesluded with the Application
Builder software for details on how to build an application.

Note Because the BridgeVIEW execution system consists of several separate pieces, the
Application Builder does not work for building BridgeVIEW run-time
applications.
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Password-Protected Vis

When you distribute VIs to other people, you might want to prohibit others
from viewing the source code you created in the block diagram, and you
might want to prohibit others from editing the VI in any way.

You might save the VIs without the block diagrams, but doing so prevents
the software from recompiling the VIs when you import them to another
platform or a new version of G-language software.

To prohibit others from viewing block diagrams and editing VIs, you
can protect VlIs with passwords. In order to view the block diagram of a
password-protected VI, or to edit that VI in any way, the user must enter

the VI's correct password.

To password protect a VI, you sel®¢indows»Show VI Info... or select

File»Save With Options

Through theVI Information dialog box, shown in the following
illustration, you can add password protection to a single VI.

] -
1> ¥l Information

Mame: Untitled 2
Path: W not saved to disk

Explain... |

Current Revision: 0

Deszcription:

Lacking and Password Status:
¥ Urlacked [ho passwaord)
¥~ Locked [na password)
¥~ Password-protected

~Memony Uzage:

Resources: -

Front Panel: B.2K
Block Diagram: 10.0K
Code: 4.8k
Data: 1.6K
Total: ~22. 6K

0K

Cancel I

The following are descriptions of the three options available on the
VI Information dialog box for protecting a VI.
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Unlocked (no password}—Indicates that the VI is available for editing

and is not password-protected. If you switch from Locked (no password) to
this option, the VI immediately switches to the unlocked state. If the
previous state was Password-Protected, and if the password for this VI is
not already in memory, a dialog prompts you to enter the password.

Locked (no password}—VI is locked so that you cannot edit it, but

you can run it and view its diagram. If you switch from Unlocked (no
password), the transition proceeds immediately. However, if previously
Password-Protected was selected, you must enter the password if it is not
in memory.

Password-Protected—This state indicates that the VIs are password
protected. Password protected Vls are similar to locked Vls, but you cannot
access the diagram without entering a password. When you want to switch
from this state, a dialog prompts you for a password if it is not in memory.

For more information on passwords, see the following se@awve with
Options Dialog Box.

Save with Options Dialog Box

TheSave with Optionsdialog box makes it simple for you to save an entire
hierarchy of VIs for distribution. You can use this dialog box to selectively
save an entire hierarchy, without the Vlyinlib , and save all external
subroutines referenced by VIs in your hierarchy. $hee with Options
dialog box is shown in the following illustration.

3 pt;fq Changed Vs Sawve Elptn:-ns. for:
puadtest. vi
~Selected Optionz
E i Development
Distribution [Ta cunent lacation(s) - na prompts =l
- i V¥ Save entire hierarchy
pplication o
Dizkribution W Include vilib files
) ;w fymhade
- Custom Save 7 hohaban
L
g " Remove passwords
= Apnpl d
o Template PRIy nEw passwon
" Remove diagrams

Save l Cancel
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By selecting from the options on the left of ®&ve with Optionsdialog

box, you can select from a set of predefined save options. As you select
options, the area at the right shows the behavior of your current selection.
You can customize the behavior by selecting specific options from the right
section of the dialog box.

« Changed Vis—Saves any changes to the frontmost VI and its subVIs.
This option is useful as a quick way to save changes.

« Development Distribution—Saves all now .lib  VIs, controls, and
external subroutines to a single location (either a directory or library).
This option is an easy way to save a hierarchy that is to be transported
to another G development system, because the other development
system has its owi .lib .

« Application Distribution —Saves all VIs, controls, and external
subroutines, including the onesvin.lib to a single location and
removes the diagrams from all of the VIs. If you want to create a
run-time application with an embedded library, you can use this
option. To actually create a run-time application, you must have the
Application Builder libraries, which are sold separately.

« Custom Save—Selects the specific options you want from the
Selected Optionsarea of the dialog box, if none of the predefined
options fit your needs.

« Template—Saves the VI as a VI template with thé . file
extension. When a template VI is loaded, it creates a copy of itself
that must be saved under a new name.

The Change Password..button in theShow Info dialog box is not

available if you do not have password protection on the VI. When you
decide to change a password, a dialog box prompts you for a password if it
is not in memory.

Through theSave With Optionsdialog box, shown in the previous
illustration, you can add password protection to one VI or multiple Vis.
The following descriptions detail the locked and password status in the
Save with Options dialog box.

¢ No change—Selecting this option results in no change.

* Remove passwords-If selected, all the VIs you have not
saved are saved without password protection. If you encounter
password-protected VIs while saving, then for each password
(not necessarily for each VI) associated with a VI or a group of Vls,
a dialog prompts you for the password of each. To remove the
passwords you must know the password for each VI or group of VIs.
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*  Apply new passwords—Selecting this option password
protects VIs. If, while saving, you encounter VIs that are already
password-protected, then for each password (not necessarily for each
VI) associated with a VI or a group of VIs, a dialog prompts you for
the password of each. To apply new passwords to VIs or groups of VIs
you must know the password for each VI or group of Vls.

* Remove diagrams—This option saves your VIs without block
diagrams so the VIs do not require as much storage. The VIs do not
require as much disk space, but you cannot move them to another
version of your software or to other platforms.

Designing Applications with Multiple Developers

If multiple developers work on the same project, spend some design time
defining responsibilities to ensure the project works well. You might also
consider using the Professional G Developers Toolkit, which provides
source code control tools that assist in environments with multiple
developers.

Start by considering the top-level design of your application and create
an outline. Creatstub Vlsfor the major components of your application.

A stub VI is a prototype of a subVI. It has inputs and outputs, but is
incomplete. It serves as a place holder for future VI development at which
time you add functionality. Creating stub VIs for LabVIEW users is
described in Chapter 2Brogram Designin theLabVIEW User Manual
BridgeVIEW users refer to Chapter rogram Desigrof the

BridgeVIEW User Manual

Once you verify the stub VIs provide the functionality you expect, you can
determine which components individual developers work on. To simplify
matters, you might place the major stub Vls in separate directories or VI
libraries which can then be managed by different developers.

Keeping Master Copies

It is best to keep theastercopies of your project VIs on a single

computer. You can institute a check-in/check-out policy to ensure control
of changes in your VIs. With this policy, a developer can check out a copy
of the VIs, similar to checking a book out of the library. During that time,
others do not touch the files the developer checks out. The developer then
checks in the finished Vls after making any changes.

© National Instruments Corporation 27-7 G Programming Reference Manual



Chapter 27

VI History Window

Note

Managing Your Applications

The Professional G Developers Toolkit contains Source Code Control
(SCC) tools that can make this sharing of files and check in/out policy fairly
easy. It also contains a utility you can use to compare VIs and view their
differences. This can be extremely useful in verifying exactly which
changes were made between versions of VIs.

In addition to its front panel and block diagram, a VI has a History

window that displays the development history of the VI, including revision
numbers. Each user who changes a VI can record any changes made in the
history. This feature helps users keep track of changes to a VI as they are
made. However, the VI history does not provide a method for comparing
two Vls to detect differences (see the description of the Professional

G Developers Toolkit for information on a utility for doing this). G saves

the history as part of the VI. It consists of a series of comments entered by
those users who make changes to the VI.

Unless you select theecord comments generated by LabVIEWbption in either
the VI Setup»Documentationor the Edit»Preferences»Historydialog box, the
comments in a VI history are not created automatically. Anyone who makes
changes to the VI must type in the information and keep the history up to date.

The History window is available when you are editing the VI by selecting
Windows»Show Historyor pressing the key equivalerGitrl-y>

(Windows); <command-y> (Macintosh); <meta-y> (Sun); or <Alt-y>

(HP-UX). The following illustration shows an example History window.
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Widget Calculator.vi History

User Name : johann Next Revision: 4

Comment :
Added code for the new widgetﬁl

rev. 3 Mon, Mar 14, 1994 11.52:25 &M johann
ddded descriptions to all ¥I's in the Widget library.
rev. 2 Mon, Mar 14, 1994 1151 :40 AM johann
didded support for rultiple foos.

ey, 1 Mon, Mar 14, 1994 11.50:29 A0 johann
Corverted all ‘Widgethl's ta LV 2.1, —

As you edit the VI, you can type a description of important changes into
the Comment box near the top of the window. When you finish making
changes, add the comment to the history by clicking\tiee button.

If there is a comment in the Comment box when you save the VI, it is added
to the history automatically. Once you add a comment, it is a permanent
part of the history. You cannot rewrite the history, so be sure to check your
comments before adding them.

The box at the bottom of the window displays the history of the VI.

The dialog box shows a header for each comment in the history that
includes the revision number of the VI, the date and time, and the name of
the person who made the change. You can see three comments added to
this history, and each is displayed with a header. Because the preceding
illustration is only an example, the comments are short; you can make them
as long as you want when editing your own VIs.

The History window is fairly large with the history showing, but you can
hide the history by clicking thlistory arrow (the small black triangle to

the left of the word). This makes the window small enough that it stays out
of your way while you are editing the VI. When you want to see the history
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again, click the same arrow and the history reappears. An example is shown
in the following illustration.

Widget Calculator.vi History

User Name : johann Next Revision: 4

Comment :
Aidded code for the new widgets,

You can also change the size of the history and comment boxes by resizing
the window.

Revision Numbers

The revision number is also a part of the history of the VI and is an easy
way to see if the VI changed (and how it changed, if you commented

on your changes). The revision number starts at zero and increases
incrementally every time you save the VI. The current revision number
(the one on disk) is displayed in t@et Info... dialog box. It is also
displayed in the titlebar of the VI if the option to do so is checked in the
dialog box ofEdit»Preferences»History

The number displayed in the History window or VI window is the next
revision number; that is, the number saved on disk if you save the VI. It is
the current revision number plus one. When you add a comment to the
history, the next revision number is included in the header of the comment.
For example, if you click thadd button in the example, your comment
adds to the history with the revision number 4. If you save the VI, the
current revision number is 4, and the comment that applies to the changes
you just made is labeled with the same number.

The revision number is not increased incrementally when you save the VI if the
only changes you made were changes to the VI History.
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In many cases, there are gaps in revision numbers between comments
because you saved the VI without entering a comment. This is not a
problem. In fact, the revision number is useful because it is independent.
Suppose you receive a copy of a VI from another user. Later, you want to
know if the other user updated the VI since you received your copy.

You can easily tell by looking at the revision numbers, even if the other
user made a change without adding comments.

If the revision number only changes when you add a comment, it is a
comment number, not a revision number. The revision humber is even
more effective when combined with the history. If users add comments to
the history, you can tell what changes were made since you last received a

copy.

Resetting History Information

Under the comment box there is a button labBesdet Pressindreset

erases the history and optionally resets the revision number to zero. This is
useful when you copy a VI and want to start the new VI with a clean slate
(no history).

Because the history is strictly a developer tool, the history is removed
automatically when you remove the block diagram of a VI. The History
window is not available in the run-time version, but the revision number is
available in the VI Information dialog box even for VIs with their block
diagrams removed. You can remove the revision number usimRptet
button to reset the history of your VI before you remove the block diagram.

Printing History Information

When you print a VI, you can include the history and revision number by
selectingComplete Documentationfrom the Print Documentation dialog
box. If you want to change the format of the printout to include only the
history information, you can use tleistom Print Settingsbutton to
indicate exactly what you want to print. Additionally, you can export the
history information to a file by selectigave Text Infofrom the Print
Documentation dialog box.
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Setting Related VI Setup and
Preference Dialog Box Options

TheVI Setup and thePreferencegsdialog boxes both have options you can
use to indicate how VI history behaves.

You can use th¥| Setup options to indicate for a given VI if and when
history information is automatically recorded. SeeDloeumentation
Optionssection of Chapter &Getting up VIs and SubVI®r information
on these settings.

You can use thBreferencesdialog box options to indicate what the

default history settings are for new VIs. You can also use this dialog box to
indicate a user name entered in history information. Seldigtery
Preferencesection of Chapter Gustomizing Your Environmerfor
information on these settings.
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This chapter is in three sections. The first section describes the
Performance Profiler, a feature that shows you data about execution time of
your VIs and monitors single-threaded, multithreaded, and multiprocessor
applications. The second section describes factors affecting run-time speed.
The third section describes factors affecting memory usage.

VI Performance Profiling

The VI Performance Profiler is a powerful tool for determining where

your application is spending its time, as well as how it is using memory.
This information is invaluable in finding the hot spots of your application
so that you can make the best use of the Vis that take up the most time.
It has an interactive tabular display of time and memory usage for each VI
in your system. Each row of the table contains information for a specific
VI. The time spent by each VI is broken down into several categories as
well as summarized in a few statistics. The Performance Profile window
calculates the minimum, maximum, and average time spent per run of a VI.

You can use the interactive tabular display to view all or parts of this
information, sort it by different categories, and look at the performance
data of subVIs when called from a specific VI.
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SelectProject»Show Profile Windowto access the Profile window.
The following illustration shows an example of the window already in use.

5! Profile M=l
Stop | Shapshat | Save | I Timing Statistics | Time in milizeconds =]
[~ Timing Details
Wiz Uszae | Sizeinkiobytes =]
¥l Time Sub Wz Time | Tatal Time Awg Butes
Frequency Response.vi 32347 1091.6 4326.2 1099k
... Demao Tek FG 5010.vi 430.6 140.2 570.8 544k
... Dema Fluke B3404, vi 3505 170.2 5207 2 85k
Cut Length. i 2hR3.7 0.0 2BR37 290k
Situation at Time bvi 1932.8 4526.5 £459.3 132 46k |
Simulation of Tomoagraphy 14220 E469.3 7a91.3 742 63k
Interior of a Circle.vi E31.0 0.0 E91.0 1.86k
Dermo Tek FG 5010w 4306 140.2 570.8 544k
... Demo Send.vi 1302 0.0 130.2 247k
... Frequency.gbl ; Frequency 0.0 0.0 0.0 0.00k,
| |

There are several things to notice about the window. First, the collection
of memory usage information is optional. This is because the collection
process can add a significant amount of overhead to the running time of
your VIs. You must choose whether to collect this data before starting the
Profiler by checking th&rofile Memory Usagecheckbox appropriately.

This checkbox cannot be changed once a profiling session is in progress.
The following buttons are available on the Profile window.

e Start—Enables the collection of performance data. It is best to start
a profiling session while your application is not running. This way,
you can ensure that you measure only complete runs of Vls, and
not partial runs.

« Snapshot—Views the data currently available. This gathers data from
all the Vis in memory and displays it in the tabular display.

e Save—Saves the currently displayed data to disk as a tab-delimited
text spreadsheet file. This data can then be viewed in a spreadsheet
program or by Vls.
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Viewing the Results

You can choose to display only parts of the information in the table.
Some basic data is always visible, but you can choose to display the
statistics, details, and (if enabled) memory usage by checking or
unchecking the appropriate checkboxes in the Profile window.

Performance information also is displayed for Global VIs. However,
this information sometimes requires a slightly different interpretation,
as described in the category-specific sections below.

Performance data for subVIs when called from a specific VI can be viewed
by double-clicking the name of that VI in the tabular display. When you
do this, new rows appear directly below the name of the VI and contain
performance data for each of its subVIs. When you double-click the name
of a Global VI, new rows appear for each of the individual controls on its
front panel.

You can sort the rows of data in the tabular display by clicking in the desired
column header. The current sort column is indicated by a bold header title.

Timings of VIs do not necessarily correspond to the amount of elapsed time
that it takes for a VI to complete. This is because a multithreaded execution
system can interleave the execution of two or more VIs. Also, there is a
certain amount of overhead taken up not attributed to any VI, such as the
amount of time taken by a user to respond to a dialog box, or time spent in
a Wait function on a block diagram, or time spent to check for mouse clicks.

The basic information that is always visible in the first three columns of the
performance data consists of the following items.

e VI Time —Total time spent actually executing the code of this VI and
displaying its data, as well as time spent by the user interacting with
its front panel controls (if any). This summary is broken down into
sub-categories in thEéming Details described below. For Global Vis,
this time is the total amount of time spent copying data to or from all
of its controls. To see timing information on individual controls in a
Global VI, you can double-click the name of the Global VI.

* SubVlIs Time—Total time spent by all subVIs of this VI. This is the
sum of the VI time (described above) for all callees of this VI, as well
as their callees, etc.

e Total Time—Sum of the above two categories, calculating the total
amount of time.
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Timing Information

When theTiming Statistics checkbox is checked, the following columns
become visible in the tabular display.

¢ # Runs—Number of times that this VI completed a run. For
Global Vs, this time is the total number of times any of its controls
were accessed.

« Average—Average amount of time spent by this VI per run. This is
simply the VI time divided by the number of runs.

¢ Shortest—Minimum amount of time the VI spentin a run.
¢ Longest—Maximum amount of time the VI spent in a run.

When theTiming Details checkbox is checked, you can view a breakdown

of several timing categories that sum up the time spent by the VI. For Vis
that have a great deal of user interface, these categories can help you see
what operations take the most time.

« Diagram—Time spent only executing the code generated for the
diagram of this VI.

« Display—Time spent updating front panel controls of this VI with
new values from the diagram.

« Draw—Time spent drawing the front panel of this VI. Draw time
includes the following.

— The time it takes simply to draw a front panel when its window
just has been opened, or when it is revealed after being obscured
by another window.

— The time that is conceptually Display time, caused by new values
coming in from the diagram but occurring because the control is
transparent and/or overlapped. These controls must invalidate
their area of the screen when they receive new data from the
diagram so everything in that area can redraw in the correct order.
Other controls can draw immediately on the front panel when they
receive new data from the diagram. More overhead is involved in
invalidating and redrawing-most (but not all) of which shows up
in the Draw timings.

e Tracking—Time spent tracking the mouse while the user was
interacting with the front panel of this VI. This can be significant
for some kinds of operations, such as zooming in or out of a graph,
selecting items from a pop-up menu, or selecting and typing text
in a control.
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» Locals—Time spent copying data to or from local variables on the
diagram. Experience with users shows this time can sometimes be
significant, especially when it involves large, complex data.

Memory Information

When theMemory Usagecheckbox is checked (remember this is only
available if theProfile Memory Usagecheckbox was selected before you
began the profiling session), you can view information about how your

VIs are using memory. These values are a measure of the memory used by
the data space for the VI and do not include the support data structures
necessary for all ViIs. The data space for the VI contains not just the data
explicitly being used by front panel controls, but also temporary buffers
implicitly created by the compiler.

The memory sizes are measured at the conclusion of the run of a VI and
might not reflect its exact, total usage. For instance, if a VI creates large
arrays during its run but reduces their size before the VI finishes, the sizes
displayed do not reflect the intermediate larger sizes.

Two sets of data are displayed in this sectiatata related to the number

of bytes used, and data related to the number of blocks used. A block is

a contiguous segment of memory used to store a single piece of data.

For example, an array of integers might be multiple bytes in length, but it
occupies only one block. The execution system uses independent blocks of
memory for arrays, strings, paths, and pictures (from the Picture Control
Toolkit). Large numbers of blocks in the memory heap of your application
can cause an overall degradation of performance (not just execution).

The categories of Memory Usage as follows.

« Average Bytes—Average number of bytes used by the data space of
this VI per run.

*  Min Bytes—Minimum number of bytes used by the data space of this
VI for an individual run.

* Max Bytes—Maximum number of bytes used by the data space of this
VI for an individual run.

« Average Blocks—Average number of blocks used by the data space
of this VI per run.

e Min Blocks—Minimum number of blocks used by the data space of
this VI for an individual run.

e Max Blocks—Maximum number of blocks used by the data space of
this VI for an individual run.
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VI Execution Speed

Input/OQutput

Although the compiler produces code that generally executes very quickly,
when working on time critical applications you might want to do all you
can to obtain the best performance out of your VIs. This section discusses
factors that affect execution speed and suggests some programming
techniques to help you obtain the best performance possible.

Examine the following items to determine the causes of slow performance.
e Input/Output (files, GPIB, data acquisition, networking)

« Screen Display (large controls, overlapping controls, too many
displays)

* Memory Management (inefficient usage of arrays and strings,
inefficient data structures)

Other factors, such as execution overhead and subVI call overhead can have
an effect, but these are usually minimal and not the most critical source of
slow execution.

Input/Output calls generally incur a large amount of overhead. They often
take an order of magnitude more time than the time it takes to perform a
computational operation. For example, a simple serial port read operation
might have an associated overhead of several milliseconds. This amount of
overhead is true for any application that uses serial ports. The reason for
this overhead is an 1/O call involves transferring information through
several layers of an operating system.

The best method for addressing too much overhead is to minimize the
number of I/O calls you make. Your performance improves if you can
structure your application so that you transfer a large amount of data with
each call, instead of making multiple I/O calls using smaller amounts of
data.

For example, if you are creating a data acquisition (NI-DAQ) VI, you have

a couple of options for reading data. You can use a single-point data transfer
function such as the Al Sample Channel VI, or you can use a multi-point
data transfer function such as the Al Acquire Waveform VI. If you must
acquire 100 points, use the Al Sample Channel VI in a loop with a Wait
function to establish the timing. Or you can use the Al Acquire Waveform
VI with an input indicating you want 100 points.
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You can produce much higher and more accurate data sampling rates by
using the Al Acquire Waveform VI, because it uses hardware timers to
manage the data sampling. In addition, overhead for the Al Acquire
Waveform VI is roughly the same as the overhead for a single call to the
Al Sample Channel VI, even though it is transferring much more data.

Screen Display

Updating controls on a front panel frequently can be one of the most time
expensive operations in an application. This is especially true if you use
some of the more complicated displays, such as graphs and charts.

This overhead is minimized to a certain extent because most of the

controls are intelligent. They do not redraw when they receive new data if
the new data is the same as the old data. Graphs and charts are exceptions
to this rule.

If redraw rate becomes a problem, the best solutions are to reduce the
number of controls you use, and keep the displays as simple as possible.
In the case of graphs and charts, you can turn off autoscaling, scale
markers, and grids to speed up displays.

If you have controls overlapped with other objects, their display rate is
cut down significantly. The reason for this is that if a control is partially
obscured, more work must be done to redraw that area of the screen.

Unless you have thBmooth Updatespreference on, you might see more
flicker when controls are overlapped.

As with other kinds of I/O, there is a certain amount of fixed overhead in
the display of a control. You can pass multiple points to an indicator at one
time using some controls, such as charts. You can minimize the number of
chart updates you make by passing more data to the chart each time. You
can see much higher data display rates if you collect your chart data into
arrays to display multiple points at a time, instead of displaying each point
as it comes in.

When you design subVIs whose front panels are closed during execution,
do not be concerned about display overhead. If the front panel is closed,
you do not have the drawing overhead for controls, so graphs are no more
expensive than arrays.

Controls and indicators have a synchronous display pop-up that, in
multithreaded systems, controls in multithreaded systems whether or not
updates can be deferred. In single-threaded execution, this item has no
effect. If you turn this item on or off within Vls in the single-threaded
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version, however, those changes affect the way updates behave if you load
those VIs into a multithreaded system.

By default, this item is off, which means that when the execution system
passes data to front panel controls and indicators, it can pass the data

to the control or indicator and then immediately continue execution.

At some point thereafter, the user interface system notices that the control
or indicator needs to be updated, and it then redraws to show the new data.
If the execution system attempts to update the control multiple times in
rapid succession, you might not see some of the intervening updates.

In many applications, this can significantly speed up execution without
affecting what the user sees. For example, even with this item off, you
can update a Boolean hundreds of times in a second, with more updates
than the human eye can actually discern. Asynchronous displays permits
the execution system to spend more time executing Vls, with updates
automatically reduced to a slower rate by the user interface thread.

If you want to avoid this type of display, you can turn the synchronous
display on.

Other Issues

Parallel Diagrams

When you have multiple diagrams running in parallel, the execution
system switches between them periodically. If some of these loops are
less important than others, use the Wait function to ensure the less
important loops use less time.

For example, consider the following diagram.

Search 10 Arnray
reauird Chiart _ Euild | |- Any Toe?
Daﬂ:l Arra [Feturnz -1 if mot found]
e T
| Mothing

Pressed
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There are two loops in parallel. One of the loops is acquiring data, and
needs to execute as frequently as possible. The other loop is monitoring
user input. The loops receive equal time because of the way this program
is structured. The loop monitoring the user’s action has a chance to run
several times a second.

In practice, it is usually acceptable if the loop monitoring the button
executes only once every half second, or even less often. By calling the
Wait (ms) function in the user interface loop, you allot significantly more
time to the other loop.

Search 10 Array
- Any TRUE?
(Returns -1 if
not found)

Aequire
[rata

[oozn]
~E e
& |fishgm

s ait (ms)

continue|

SubVI Overhead

When you call a subVI, there is a certain amount of overhead associated
with the call. This overhead is fairly small (on the order of tens of
microseconds), especially in comparison to I/O overhead and display
overhead, which can range from milliseconds to tens of milliseconds.

However, this overhead can add up in some cases. For example, if you call
a subVI 10,000 times in a loop, this overhead might take up a significant
amount of time. In this case, you might want to consider whether the loop
can be embedded in the subVI.

Another option you might consider is turning certain subVIs into
subroutines (using the VI Set@piority item). When a VI is marked as a
subroutine, the execution system minimizes the overhead to call a subVI.
There are a few trade-offs, however. Subroutines cannot display front
panel data (G does not copy data from or to the front panel controls of
subroutines), they cannot contain timing or dialog box functions, and they
do not multitask with other VIs. Subroutines are short, frequently executed
tasks and are generally most appropriate when used with VIs that do not
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require user interaction. See Chapter@6derstanding the G Execution
Systemfor more information.

Unnecessary Computation in Loops

Avoid putting calculations in loops if the calculation produces the same
value for every iteration. Instead, move the calculation out of the loop and
pass the result into the loop.

For example, examine the following diagram.

|1|:u:u:||— M

=

Think

m_l

The result of the division is the same every time through the loop; therefore
you can increase performance by moving the division out of the loop, as
shown in the following illustration.

N

Think [I]BI.]

i
—r
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Now, refer to the diagram in the following illustration.

|1 |:u:n:||— M
[aetai]}
Think H|global |

If you know the value of the global variable is not going to be changed
by another concurrent diagram or VI during this loop, this diagram
wastes time by reading from the global variable and writing to the global
every time through the loop.

If you do not require the global variable to be read from or written to
by another diagram during this loop, you might use the following
diagram instead.
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Notice that the shift registers must pass the new value from the subVI to
the next iteration of the loop. The following diagram is a common mistake
some beginning users make. Since there is no shift register, the results from
the subVI never pass back to the subVI as its new input value.

VI Memory Usage

G handles many of the details which you normally worry about in a
conventional programming language. One of the main challenges of a
conventional language is memory usage. In a conventional language, you,
the programmer, have to take care of allocating memory before you use it,
and deallocating it when you finish. You also must be particularly careful
not to accidentally write past the end of the memory you allocated in the
first place. Failure to allocate memory or to allocate enough memory is
one of the biggest mistakes programmers make in conventional, text-based
languages. Inadequate memory allocation is also a difficult problem to
debug.

The dataflow paradigm for G removes much of the difficulty of managing
memory. In G, you do not allocate variables, nor assign values to and from
them. Instead, you create a diagram with connections representing the
transition of data.

Functions that generate data take care of allocating the storage for that data.
When data is no longer being used, the associated memory is deallocated.
When you add new information to an array or a string, enough memory is
allocated automatically to manage the new information.
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This automatic memory handling is one of the chief benefits of G.
However, because it is automatic, you have less control of when it happens.
If your program works with large sets of data, it is important to have some
understanding of when memory allocation takes place. An understanding
of the principles involved can result in programs with significantly smaller
memory requirements. Also, an understanding of how to minimize memory
usage can also help to increase VI execution speeds because memory
allocation and copying data can take a considerable amount of time.

If you have a machine with a limited amount of memory, you might want to
consider using virtual memory to increase the amount of memory available
for applications. Virtual memory is a capability of your operating system
by which it uses available disk space for RAM storage. If you allocate a
large amount of virtual memory, applications perceive this as memory
generally available for storage.

For applications, it does not matter if your memory is real RAM or virtual
memory. The operating system hides the fact that the memory is virtual.
The main difference is speed. With virtual memory, you occasionally might
notice more sluggish performance, when memory is swapped to and from
the disk by the operating system. Virtual memory can help run larger
applications, but is probably not appropriate for applications that have
critical time constraints.

Macintosh Memory

When you launch an application on the Macintosh, the system allocates a
single block of memory for it, from which all memory is allocated. When
you load VIs, components of those are loaded into that memory. Similarly,
when you run a VI, all the memory it manipulates is allocated out of that
single block of memory.

You configure the amount of memory the system allocates at launch time
using theFile»Get Info command from the Finder. Keep in mind if your
application runs out of memory, it cannot increase the size of this memory
pool. Therefore, set up this parameter to be as large as is practical. If you
have a 16 MB machine, consider the applications you want to run in
parallel. If you do not plan to run any other applications, set the memory
preference to be as large as possible.
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VI Component Memory Management
A VI has four major components.
e Front panel
« Block diagram
e Code (diagram compiled to machine code)

« Data (control and indicator values, default data, diagram constant data,
and so on.)

When a VI loads, the front panel, the code (if it matches the platform), and
the data for the VI are loaded into memory. If the VI needs to be recompiled
because of a change in platform or a change in the interface to a subVI, then
the diagram is loaded into memory as well.

The VI also loads the code and data space of its subVIs into memory.
Under certain circumstances, the front panel of some subVIs might be
loaded into memory as well. This can occur, for example, if the subVI

uses attribute nodes, because attribute nodes manipulate state information
for front panel controls. More information on subVIs and their panels is
discussed later in this chapter.

An important point in the organization of VI components is that you
generally do not use much more memory when you convert a section of
your VI into a subVI. If you create a single, huge VI with no subViIs, you
end up with the front panel, code, and data for that top-level VI in memory.
However, if you break the VI into subVIs, the code for the top-level VI is
smaller, and the code and data of the subVIs reside in memory. In some
cases, you might see lower run-time memory usage. This idea is explained
later in this chapter in the sectiavipnitoring Memory Usage

You also might find massive Vls take longer to edit. You do not see this
problem as much if you break your VI into subVls, because the editor can
handle smaller VIs more efficiently. Also, a more hierarchical VI
organization is generally easier to maintain and read.

Note If the front panel or block diagram of a given VI is much larger than a screen,
you might want to break it into subVIs to make it more accessible.
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Dataflow Programming and Data Buffers

In dataflow programming, you generally do not use variables. Dataflow
models usually describe nodes as consuming data inputs and producing
data outputs. A literal implementation of this model produces applications
that can use very large amounts of memory and have sluggish performance.
Every function produces a copy of data for every destination to which an
output is passed. The G compiler improves on this implementation by
attempting to determine when memory can be reused and by looking at
the destinations of an output to determine whether it is necessary to make
copies for each individual terminal.

For example, in a more traditional approach to the compiler, the following
diagram uses two blocks of data memory, one for the input and one for the
output.

Input Atray I+| Cutput Array

The input array and the output array contain the same number of elements,
and the data type for both arrays is the same. Think of the incoming array
as a buffer of data. Instead of creating a new buffer for the output, the
compiler reuses the input buffer. This saves memory and also results in
faster execution, because no memory allocation needs to take place at
run time.
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The compiler cannot reuse memory buffers in all cases, however, as shown
in the following illustration.

replace array element III|

A single source of data is being passed to multiple destinations.

The destinations want to modify the data to produce resulting arrays. In this
case, the compiler creates new data buffers for two of the functions and
copies the array data into the buffers. Thus, one of the functions reuses the
input array, and the others do not. This diagram uses about 12 KB (4 KB for
the original array and 4 KB for each of the extra two data buffers).

Now, examine the following diagram.

|In-:|e::< Ar’r’agl

&) o
eif-=

As before, the input branches to three functions are the same. However, in
this case none of them need to modify the data. If you pass data to multiple
locations, all of which read the data without modifying it, G does not make
a copy of the data. This diagram uses up about 4 KB of data.
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Finally, consider the following diagram.

Feplace array elernent 0|

H
T

u--t

1000

|1'l-:le:x: original array elermnent I:I|
4@_| o
-1

In this case, the input branches to two functions, one of which wants to
modify the data. There is no dependency between the two functions.
Therefore, you can predict at least one copy needs to be made so the
replace array element function can safely modify the data. In this case,
however, the compiler schedules the execution of the functions in such a
way that the function that wants to read the data executes first, and the
function that wants to modify the data executes last. This way, the
Replace Array Element function reuses the incoming array buffer without
generating a duplicate array. If the ordering of the nodes is important, make
the ordering explicit by using either a sequence or an output of one node for
the input of another.

In practice, the analysis of diagrams by the compiler is not perfect. In
some cases, the compiler might not be able to determine the optimal
method for reusing diagram memory.

Monitoring Memory Usage

There are a couple of methods for determining memory usage.

If you selectHelp»About LabVIEW... (if you are a LabVIEW user)

or Help»About BridgeVIEW... (if you are a BridgeVIEW user), you

see statistics that summarize the total amount of memory used by your
application. This memory includes memory for Vis as well as memory the
application uses. You can check this amount before and after execution of
a set of VIs to obtain a rough idea of how much memory the Vls are using.

You can obtain a view of the dynamic usage of memory by your VIs with
the Performance Profiler. It keeps statistics on the minimum, maximum,
and average number of byes and blocks used by each VI per run. See
the sectiorVI Performance Profilingat the beginning of this chapter,

for more details.
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As shown in the following illustration, you can uséndows»

Show VI Info... to have a breakdown of the memory usage for a given VI.
The left column of this information summarizes disk usage, and the right
column summarizes how much RAM currently is being used for various
components of the VI. Notice these statistics do not include memory
usage of subVis.

Memaory sage:
Resources: 193K Frant Parel: 2.7K
Block Diagram: 20K
Code: 8.4k
Data: 107K
Total ~23.2k

A fourth method for determining memory usage is to use a VI called the
Memory Monitor VI (inmemmorlb inside of theexamples directory).
This VI uses the VI Server functions to determine memory usage for all
VIs in memory.

Rules for Better Memory Usage

The main point of the previous discussion is that the compiler attempts
to reuse memory intelligently. The rules for when the compiler can reuse
memory and when it cannot are fairly complex and are discussed at the
end of this chapter. In practice, the following rules can help you to create
VIs that use memory efficiently.

« Breaking a VI into subVIs generally does not hurt your memory usage.
In fact, in many cases, memory usage improves, because the execution
system can reclaim subVI data memory when the subVI is not
executing.

< Do not worry too much about copies of scalar values; it takes a lot of
scalars to negatively effect memory usage.

« Do not overuse global and local variables when working with arrays or
strings; reading a global or local variable causes a copy of the data of
the variable to be generated.

« On open front panels, do not display large arrays and strings unless it
is necessary. Indicators on open front panels retain a copy of the data
they display.
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» If the front panel of a subVI is not going to be displayed, do not leave
unused attribute nodes on the subVI. attribute nodes cause the front
panel of a subVI to remain in memory, which can cause unnecessary
memory usage.

» Do not use the suspend data range feature on time/memory critical VIs.
The front panel for the subVI needs to be loaded to check range
checking, and extra copies of data are made for the subVIs controls
and indicators.

* In designing diagrams, watch for places where the size of an input is
different from the size of an output. For example, if you see places
where you are increasing the size of an array or string frequently using
the Build Array or Concatenate Strings functions, you are generating
copies of data.

» Use consistent data types for arrays and watch for coercion dots when
passing data to subVIs and functions; when you change data types, the
execution system makes a copy of the data.

» Do not use complicated, hierarchical data types (for example, arrays
of clusters containing large arrays or strings, or clusters containing
large arrays or strings). You might end up using more memory,
and performance suffers. See the sedieneloping Efficient Data
Structuredater in this chapter for more details and suggestions for
tactics in designing your data types.

Memory Issues in Front Panels

When a front panel is open, controls and indicators keep their own, private
copy of the data they display.

The following illustration shows the increment function, with the addition
of front panel controls and indicators.

output ar’r‘agl

[0B1] i+1 [DBL]

When you run the VI, the data of the front panel control is passed to the
diagram. The increment function reuses the input buffer. The indicator then
makes a copy of the data for display purposes. Thus, there are three copies
of the buffer.
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This data protection of the front panel control prevents the case in which
you enter some data into a control, run the associated VI, and see the data
change in the control as it is passed in-place to subsequent nodes. Likewise,
data is protected in the case of indicators so that they can reliably display
the previous contents until they receive new data.

With subVIs, you can use controls and indicators as inputs and outputs.
The execution system makes a copy of the control and indicator data of
the subVI in the following conditions.

e The front panel is in memosrythis can occur for any of the following
reasons.

— The front panel is open.

— The VI has been changed, but not saved (all components of the
VI remain in memory until the VI is saved).

— The panel uses data printing.
— The diagram uses attribute nodes.
e The VI uses local variables.
e The panel uses data logging.
* A control uses suspend data range checking.

A few of these reasons are not intuitive and require further explanation.

One reason concerns attributes such as chart history. For an attribute
node to be able to read the chart history in subVIs with closed panels,
the control or indicator needs to display the data passed to it. Because
there are numerous other attributes like this, the execution system keeps
subVI panels in memory if the subVI uses attribute nodes.

If a front panel uses front panel datalogging or data printing, controls and
indicators maintain copies of their data. In addition, panels are kept in
memory for data printing so the panel can be printed.

If a VI uses suspend data range checking, data is copied to and from all
front panel controls and indicators. The front panel values are retained so
that the front panel can be displayed if any data goes out of range. Do not
use Suspend range checking if memory and speed are a major concern.

Remember, if you set a subVI to display its front panel when called
using VI Setup or SubVI Setup, the panel is loaded into memory when
the subVI is called. If you set ti&ose if Originally Closeditem, the
panel is removed from memory when the subVI finishes execution.
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SubVIs Can Reuse Data Memory

In general, a subVI can use data buffers from its caller as easily as if the
diagrams of the subVI were duplicated at the top level. In most cases,
you do not use more memory if you convert a section of your diagram
into a subVI. For VIs with special display requirements, as described in
the previous section, there might be some additional memory usage for
front panels and controls.

Local Variables Cannot Reuse Data Memory

When you create subVIs, you create a connector pane that describes

how data is passed to and from the subVI. The data buffers that come from
terminals connected to a connector pane can reuse data buffers from calling
VIs. Local variables cannot do this. Instead, when you read from a local
variable, you create a new buffer for the data from its associated control.

If you use local variables to transfer large amounts of data from one
place on the diagram to another, you generally use more memory, and
consequently have slower execution speed than if you can transfer data
using a wire.

Global Variables Always Keep Copies of Their Data

When you read from a global variable, you create a copy of the data stored
in that global variable.

When manipulating large arrays and strings, the time and memory
required to manipulate global variables can be considerable. This is
especially inefficient when dealing with arrays if you only want to modify
a single array element, then store the entire array. If you read from the
global variable in several places in your diagram, you might end up
creating several buffers of memory.

One technique for minimizing memory usage in this case is to use an
uninitialized shift register in a subVI to store the data. This technique can
combine the compactness of a global variable with the efficiency of a shift
register. Se€ase Study 2: Global Table of Mixed Data Tylager in this
chapter for more information.
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Understanding When Memory Is Deallocated
Consider the following diagram.

After the Mean VI has executes, the array of data is no longer needed.
Because determining when data is no longer needed can become very
complicated in larger diagrams, the execution does not deallocate the
data buffers of a particular VI during its execution.

On the Macintosh, if the execution system is low on memory, it deallocates
data buffers used by any VI not currently executing. The execution system
does not deallocate memory used by front panel controls, indicators, global
variables, or uninitialized shift registers.

Now, consider the same VI described previously as a subVI to a larger VI.
The array of data is created and used only in the subVI. On the Macintosh,
if the subVI is not executing and the system is low on memory, it might
deallocate the data in the subVI. This is a case in which using subVIs can
save on memory usage.

On Windows and Unix platforms, data buffers are not normally deallocated
unless a Vlis closed and removed from memory. Memory is allocated from
the operating system as needed, and virtual memory works well on these
platforms. Due to fragmentation, the application might appear to use
more memory than it really does. As memory is allocated and freed, the
application tries to consolidate memory usage so it can return unused
blocks to the operating system.

On all platforms, you can optionally set a preference “Deallocate memory
as soon as possible.” When this item is on, as subVIs complete execution,
they deallocate memory immediately. This might help out with memory
usage, but it can slow down performance significantly.
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Determining When Outputs Can Reuse Input Buffers

If an output is the same size and data type as an input, and the input is not
required elsewhere, the output can reuse the input buffer. As mentioned
previously, in some cases even when an input is used elsewhere, the
compiler and the execution system can order code execution in such a
way that it can reuse the input for an output buffer. However, the rules

for this are complex. Do not depend upon them.

Consistent Data Types

If an input has a different data type from an output, the output cannot reuse
that input. For example, if you add a 32-bit integer to a 16-bit integer, you
see a coercion dot that indicates the 16-bit integer is being converted to a
32-bit integer. The 32-bit integer input can be usable for the output buffer,
assuming it meets all of the other requirements (for example, the 32-bit
integer is not being reused somewhere else).

In addition, coercion dots for subVIs and many functions imply a
conversion of data types. In general, the compiler creates a new buffer
for the converted data.

To minimize memory usage, use consistent data types wherever possible.
Doing this produces fewer copies of data because of promotion of data in
size. Using consistent data types also makes the compiler more flexible in
determining when data buffers can be reused.

In some applications, you might consider using smaller data types. For
example, you might consider using four-byte, single-precision numbers
instead of eight-byte, double-precision numbers. However, carefully
consider which data types are expected by subVIs you can call, because
you want to avoid unnecessary conversions.
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How to Generate Data of the Right Type

Refer to the following example in which an array of 1,000 random values is
created and added to a scalar. The coercion dot at the Add function occurs
because the random data is double precision, while the scalar is single
precision. The scalar is promoted to a double precision before the addition.
The resulting data is then passed to the indicator. This diagram uses up
16 KB of memory.

fomg— S

8K array

4K for the
indicator

4K for the DBL to
SGL converson

The following illustration incorrectly attempts to correct this problem by
converting the array of double-precision random numbers to an array of
single-precision random numbers. It uses the same amount of memory as
the previous example.

[toool—{N

8K array

4K array

arr'agl

indicator

The best solution, shown in the following illustration, is to convert the
random number to single precision as it is created, before you create an
array. Doing this avoids the conversion of a large data buffer from one
data type to another.
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Avoid Constantly Resizing Data

If the size of an output is different from the size of an input, the output does
not reuse the input data buffer. This is the case for functions such as Build
Array, String Concatenate, and Array Subset which increase or decrease
the size of an array or string. When working with arrays and strings, avoid
constantly using these functions, because your program uses more data

memory, and executes more slowly because it is constantly copying data.

Example 1: Building Arrays

As an example, consider the following diagram which is used to create an
array of data. This diagram creates an array in a loop by constantly calling
Build Array to concatenate a new element. The input array is not reused by
Build Array. Instead, the VI continually resizes the output buffer to make
room for the new array, and copies data from the old array to the new array.
The resulting execution speed is very slow, especially if the loop is
executed many times.

|In1'tiah'ze .ﬁ.r'r'al=||

0.0
Ik

resu]tsl

[DBL]
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If you want to add a value to the array with every iteration of the loop, you
can see the best performance by using auto-indexing on the edge of a loop.
With For Loops, the VI can predetermine the size of the array (based on the
value wired to N), and resize the buffer only once.

|1|:n:n:||— M

r'95u1t5|
== T ——

ﬁﬂ [mBL]

o

With While Loops, auto-indexing cannot be quite as efficient, because the
end size of the array is not known. However, While Loop auto-indexing
avoids resizing the output array every iteration by increasing the output
array size in large increments. When the loop is finished, the output array
is resized to the correct size. The performance of While Loop auto-indexing
is nearly identical to For Loop auto-indexing.

r95u1t5|

[DBL]

Auto-indexing assumes you are going to add a value to the resulting
array with each iteration of the loop. If you must conditionally add values
to an array, but can determine an upper limit on the array size, you might
consider preallocating the array and then using Replace Array Element to
fill up the array.

When you finish filling up the array values, you can resize the array to the
correct size. The array is created only once, and Replace Array Element can
reuse the input buffer for the output buffer. The performance for this is very
similar to the performance of loops using auto-indexing. If you use this
technique, be careful the array in which you are replacing values is large
enough to hold the resulting data, because Replace Array Element does
not resize arrays for you.
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An example of this process is shown in the following illustration.

Conditionally replace a
value uzsing
Use Initialize Aray Rieplace Array Element
to create an array of % Uze Array Subset
1000 elements to set aray
b carrect size
mile
[ 00—
]

Example 2: Searching through Strings

You can use the Match Pattern function to search a string for a pattern.
Depending on how you use it, you might slow down performance by
unnecessarily creating string data buffers. The following illustration
shows the Help window for Match Pattern.

before substring
rmatch substring
after substring
offzet past match

reqular expression
string
offset (00

HMatch Pattern

Searches for a pattern. Returns -1 9 not found.

Assuming you want to match an integer in a string, you can use [0-9]+ as
the regular expression input to this function. To create an array of all
integers in a string, use a loop and call Match Pattern repeatedly until the
offset value returned is —1.
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The following diagram is one method for scanning for all occurrences

of integers in a string. It initially creates an empty array, and then each
time through the loop, searches the remaining string for the numeric
pattern. If the pattern is found (offset is not —1), this diagram uses Build
Array to add the number to a resulting array of numbers. When there are
no values left in the string, Match Pattern returns —1 and this diagram
completes execution.

TalTrue
i Initialize &rra
0 =

Shring to searchi e From Crecimal
= T, P

" o-a
(o=

One problem with this diagram is that it uses Build Array in the loop to
concatenate the new value to the previous value. Instead, you can use
auto-indexing to accumulate values on the edge of the loop. Notice you
end up seeing an extra, unwanted value in the array from the last iteration
of the loop where Match Pattern fails to find a match. A solution is to use
array subset to remove the extra unwanted value. This is shown in the
following illustration.

Remove last value:
I -1 implied no value

encountered

Wuray Subsed
0

T

From Decimal

[132]
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The other problem with this diagram is that you create an unnecessary copy
of the remaining string every time through the loop. Match Pattern has an
input you can use to indicate where to start searching. If you remember the
offset from the previous iteration, you can use this number to indicate
where to start searching on the next iteration. This technique is shown in
the following illustration.

Fernowve last walue -
1 implied no walue
encountered

Fezults]

[x32]

To Decimal

match (if
offset 1= -1])

Developing Efficient Data Structures

One of the points made in the previous section is that hierarchical data
structures such as arrays of clusters containing large arrays or strings,
or clusters containing large arrays or strings, cannot be manipulated
efficiently. This section explains why this is so and describes strategies
for choosing more efficient data types.

The issue with complicated data structures is that it is difficult to access

and change elements within a data structure without causing copies of the
elements you are accessing to be generated. If these elements are large, as
in the case where the element itself is an array or string, these extra copies
use more memory and the time it takes to copy the memory.

You can generally manipulate scalar data types very efficiently. Likewise,
you can efficiently manipulate small strings and arrays where the element
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is a scalar. In the case of an array of scalars, the following code shows what
you do to increment a value in an array.

|In-:|e-}: Ar‘r’agl Feplace Array
Elernent |ar'r'al,||

[0BL]
i

—f| 2
[— N |
“"I
= e
—

This is quite efficient because it is not necessary to generate extra copies of
the overall array. Also, the element produced by the Index Array function
is a scalar, which can be created and manipulated efficiently.

The same is true of an array of clusters, assuming the cluster contains only
scalars. In the following diagram, manipulation of elements becomes a
little more complicated, because you now must use Unbundle and Bundle.
However, because the cluster is probably small (scalars use very little
memory), there is no significant overhead involved in accessing the
cluster elements and replacing the elements back into the original cluster.

:';IJ |In-:|e>cc Arr’au| |Unl:-un-:|19| Bundle| [Feplace Array
a["::i] Elernent arra
Sk | i [ agg
E @J' [-I:I ]
CEL]

[=]
[=] =] [=]

+ u.t

If you have an array of clusters where each cluster contains large sub-arrays
or strings, indexing and changing the values of elements in the cluster can
be more expensive in terms of memory and speed.
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When you index an element in the overall array, a copy of that element is
made. Thus, a copy of the cluster and its corresponding large subarray or
string is made. Because strings and arrays are of variable size, the copy
process can involve memory allocation calls to make a string or subarray
of the appropriate size, in addition to the overhead actually copying the
data of a string or subarray. This might not be significant if you only plan
to do it a few times. However, if your application centers around accessing
this data structure frequently, the memory and execution overhead might
add up quickly.

The solution is to look at alternative representations for your data. The
following three case studies present three different applications, along
with suggestions for the best data structures in each case.

Case Study 1: Avoiding Complicated Data Types

Consider an application in which you want to record the results of several
tests. In the results, you want a string describing the test and an array of
the test results. One data type you might consider using to store this
information is shown in the following illustration.

|descr‘1’Etinn|

To change an element in the array, you must index an element of the overall
array. Now, for that cluster you must unbundle the elements to reach the
array. You then replace an element of the array, and store the resulting array
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in the cluster. Finally, you store the resulting cluster into the original array.
An example of this is shown in the following illustration.

Index Aura IInbundle | Element |
Tre o izt By Mame Fan
data EN

Bundle Feplace Amray
Element

test bo update

132

Each level of unbundling/indexing might result in a copy of that data

being generated. Notice a copy is not necessarily generated. Copying data
is costly in terms of both time and memory. The solution is to try to make
the data structures as flat as possible. For example, in this case study break
the data structure into two arrays. The first array is the array of strings.

The second array is a 2D array, where each row is the results of a given
test. This result is shown in the following illustration.

dezcriptions
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Given this data structure, you can replace an array element directly using
the Replace Array Element function, as shown in the following illustration.

dat]
[x32] r. - [x32]

walue 2]
-
.

.
.

z o

o
EEIEﬂE

=4

Case Study 2: Global Table of Mixed Data Types

Here is another application in which you want to maintain a table of
information. In this application, you decide you want the data to be
globally accessible. This table might contain settings for an instrument,
including gain, lower and upper voltage limits, and a name used to refer
to the channel.

To make the data accessible throughout your application, you might
consider creating a set of subVIs to access the data in the table, such as
the following subVls, the Change Channel Info VI and the Remove

Channel Info VI.

channel narne Change
gain = Channel
Tower Timit f It
uppet lirmit
Change Channel Info_vi

Femove
Channel

channel name

Remove Channel.ri
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The following sections present three different implementations for
these Vls.

Obvious Implementation

With this set of functions, there are several data structures to consider for
the underlying table. First, you might use a global variable containing an
array of clusters, where each cluster contains the gain, lower limit, upper
limit, and the channel name.

As described in the previous section, this data structure is difficult to
manipulate efficiently, because generally you must go through several
levels of indexing and unbundling to access your data. Also, because the
data structure is a conglomeration of several pieces of information, you
cannot use the Search 1D Array function to search for a channel. You can
use Search 1D Array to search for a specific cluster in an array of clusters,
but you cannot use it to search for elements that match on a single cluster
element.

Alternative Implementation 1

As with the previous example, choose to keep the data in two separate
arrays. One contains the channel names. The other array contains the
channel data. The index of a given channel name in the array of names
is used to find the corresponding channel data in the other array.

Notice that because the array of strings is separate from the data, you can
use the search 1D Array function to search for a channel.

In practice, if you are creating an array of 1,000 channels using the
Change Channel Info VI, this implementation is roughly twice as fast as
the previous version. This change is not very significant because there is
other overhead affecting performance.

A note in theMemory Usageection of this chapter cautions against
overusing local and global variables. When you read from a global variable,
a copy of the data of the global variable is generated. Thus, a complete
copy of the data of the array is being generated each time you access an
element. The next method shows an even more efficient method that
avoids this overhead.
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Alternative Implementation 2

There is an alternative method for storing global data, and that is to use an
uninitialized shift register. Essentially, if you do not wire an initial value,

a shift register remembers its value from call to call. If you are a LabVIEW
user and are not familiar with uninitialized shift registers, see Chapter 3,
Loops and Chartsof theLabVIEW User Manuabefore continuing with

this discussion. If you are a BridgeVIEW user, see Chaptdradps and
Chartsof theBridgeVIEW User Manudbr similar information.

The G compiler handles access to shift registers efficiently. Reading the
value of a shift register does not necessarily generate a copy of the data.
In fact, you can index an array stored in a shift register and even change
and update its value without generating extra copies of the overall array.
The problem with a shift register is only the VI that contains the shift
register can access the shift register data. On the other hand, the shift
register has the advantage of modularity.

What you can do is make a single subVI with a mode input that
specifies whether you want to read, change, or remove a channel, or
whether you want to zero out the data for all channels, as shown in the
following illustration.

mode
Channel Mames » Fhanage Found? [usedif mode= Ch...
Channel Infu:uﬁf"mﬁ:':“"*' gain [used if mode=Get)
channel name —|_|— loner limit [uzed if mode=..
gain [uzed if mode=Change] upper imit [uzed if mode=...
lover limit [used if mode=...
upper limit [uzed if mode=., ———

mode

E W Clear all Channels
Get Channel Info
Change Channel Infao
Eernove Channel

The subVI contains a While Loop with two shift registemsne for

the channel data, and one for the channel names. Neit